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CHAPTER I. INTRODUCTION 
Iowa's agricultural production has contributed to 
----------~ ---------_. . -. ---_. - --
wi~:.~:~~.l:'~-:t:-ed. los_s. __ .~~he.-soil-~-resour_ce, which, in 
turn, has degraded aquatic ecosystems and decreased water 
qualit~ via ~esticide- and nutE~~nt-la~~n.sediment (Foster 
--.- --_/ 
and Meyer, 1977; Isberg, 1981). The majority of sediment 
deposited in streams and lakes as a result of human activity 
is caused by agricultural perturbation, and the relative 
erosion rate from cropland has been estimated to be 200 
times that of forested areas (EPA, 1976). For the nation, 
it has been estimated that 40% of the gross soil erosion on 
agricultural land becomes sediment lost to waterways 
(Gianessi, 1985). Interest in the role of erosion and 
sedimentation in water quality has evolved to its current 
level largely through the recognition that water quality 
management is infinitely more complex than was originally 
thought (Mulkey and Falco, 1977). ~e severity of the 
---~ ------------
erosion and sedimentation problem is now recognized, and 
-------_. ' .. 
best management practices (BMP) toward limiting this 
significant nonpoint source of pollution have been proposed.!. 
1""---. _ 
Gross erosion from upland fields .. must __ either be 
deposited down-gradient within the field, or removed from 
the watershed in streamflow in ... the· form of sediment 
.' - '-- .. ~ , 
---------------~. ,.-------.-. JI "- ... --.... ... _"'-... (Lowrance et al., 1984). rCrop rotatl.ons, fl.eld terraces, ) 
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buffer strips and grassed waterways are a few BMP's that 
have been suggested for the reduction of sediment delivery, 
to proximal bodies of water. 
Best management pract~ces must be acceptable to the 
landowner. According to Foster (1979), an acceptable 
nonpoint pollution control practice must meet several 
criteria: 
1) It must not unreasonably limit production. 
2) It must be economical. The farmer 
must receive profit directly through 
the sale of his products, or society 
must share the costs through 
government assistance to the farmer. 
3) It must be farmable. 
4) It must be acceptable to the farmers. 
5) It must be conservative. A practice 
is conservative if it uses water 
efficiently, if it maintains the soil 
resource base for crop production, 
and if it controls nonpoint 
pollution. 
Given the above prerequisites for BMP acceptance, 
landowners utilizing fields in close proximity to streams 
have several options toward reducing sediment delivery from 
agricultural activities. Grassed waterways along ephemeral 
gullies, impoundment terraces, and contour farming are a few 
methods that satisfy the above guidelines while maintaining 
productivity. 
Effective riparian zone management practices also exist 
that employ vegetative buffer strips to reduce water-quality 
degradation by filtering sediment and sediment-adsorbed 
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chemicals. Buffer strips offer increased vegetal resistance 
to surface water flow, thereby controlling sediment yield by 
inducing deposition from the reduced transport capacity in 
the riparian zone (Flanagan et al., 1986). 
Research has shown that grass buffer strips reduce 
sediment flow to waterways (Wilson, 1967; Williams and 
Nicks, 1988; Barfield et al., 1979; Magette, 1989; Dillaha 
et al., 1985). Wilson (1967) outlined several character-
istics that grass filter strips should exhibit in order to 
be effective at reducing sediment yield: a) deep root 
system to resist scouring if swift currents develop; b) 
dense, well-ramified top growth; c) resistance to flooding 
and drought; d) ability to recover growth subsequent to 
inundation with sediment; and e) economic return through the 
production of seed or hay. 
The addition of trees and shrubs to grass buffer strips 
satisfies Wilson's (1967) requirements and offers advantages 
not enjoyed in their absence. Trees and shrubs offer 
sediment yield reductions through the accumulation of a 
forest floor and concomitantly increased infiltration rates. 
The woody vegetation maintains its vegetal roughness 
constantly and accompanies the grass in providing tortuous 
flow paths for water and sediment. Incorporating trees to 
process surface and subsurface agricultural chemicals and 
stabilize stream banks are attractive on-farm benefits to 
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the farmer. Trees provide potential for economic return in 
terms of biomass for energy or saw timber, and they create 
habitat for wildlife. 
The Risdal riparian tree buffer strip project 
The Risdal project was established in the Spring of 
1990, along a 1 km reach of Bear Creek in northern Story 
County, Iowa (Figure 1). In all plots receiving treatments, 
a 7.3 m wide strip of a native prairie grass, switchgrass 
(panicum vergatum) , was planted adjacent to fields under 
agronomic production. In the 20.1 m between the switchgrass 
and Bear Creek, five rows of trees of four species 
(depending on plot location) and one row each of shrubs of 
two species were planted (Figure 2). 
In all plots receiving treatment, a within-row spacing 
of 1.2 m was maintained, and a 1.8 m distance was kept 
between rows. The tree component includes green ash 
(Fraxinus pennsylvanica) , a hybrid poplar (Populus deltoides 
x P. nigra) and a combination of silver maple (Acer 
saccharinum) and black walnut (Juglans nigra L.). Red osier 
dogwood (Cornus stolonifera) and ninebark (Physocarpus 
opulifolius) shrubs are planted in all plots receiving 
treatment. Tree species placement along the stream was 
designed such that equal representation was given among 
straight reaches of the stream, inside curves, and outside 
® 
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Figure 1. Layout of plots at the Risdal buffer strip 
project (not drawn to scale) 
curves. Control plots of only pasture grasses also occur 
along these stream positions. 
The species selected were chosen at the landowner's 
request for both fast-growing (hybrid poplar, green ash, 
silver maple) and high-quality (black walnut) trees, and for 
a diversity of species that can support wildlife 
populations. The shrubs can offer a tiered structure 
providing additional habitat for wildlife. Red osier 
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PERMANENTLY 
VEGETATED 
RIPARIAN 
AGRONOMIC CROPLAND TREE-SHRUB-GRASS ( .............................................................................................................. ~.f..f..§.R .. ~!BJ~~ 
Figure 2. Schematic diagram showing position of riparian 
tree-shrub-grass buffer strip relative to 
agronomic field 
dogwood is also useful for erosion control along stream 
banks (Little, 1980). 
The project, as designed, represents an agroforestry 
alternative, sustainable agricultural production system. 
The fast-growing tree component of the buffer strip will be 
harvested on a 7 to 8 year rotation and used as a biomass 
energy source. In subsequent coppice rotations, resprouted 
stems can exhibit greater biomass yields for several 
production cycles (Rawat and Nautiyal, 1985). The black 
walnut will be harvested on a 55 to 60 year rotation. Using 
short-rotation-woody-crops (SRWC) in conjunction with 
agronomic crops provides multiple benefits to the agronomic 
crops and the woody vegetation within the buffer strip, and 
diversifies the landowner's economic return. 
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Models for the prediction of erosion and sedimentation 
Computer simulation models that implement mathematical 
expressions of physical processes have been integral 
components of erosion and sedimentation prediction in both 
research and practice (Renard, 1989). The most meaningful 
way to evaluate the relative effectiveness of various 
erosion control methods for water quality management is via 
continuous simulation models (Mulkey and Falco, 1977). 
Analyzing such complex processes via computer models allows 
fairly precise data generation within a relatively short 
time frame. Management alternatives toward the reduction in 
sediment delivery can then be assessed, and a BMP can be 
recommended. 
Computer modelling of hydrologic processes has uses as 
1) an analysis and design tool, 2) an educational aid toward 
understanding hydrologic systems, and 3) as a system for 
organizing and interpreting research (Barfield, Hann, and 
storm, 1989). In the analysis of agricultural runoff 
pollution, computer models are the preferred methodology of 
arriving at BMP's due to the scope and complexity of the 
underlying issues (Marsalek, 1989). Often, as in the study 
under consideration, the objective of model application is 
to determine relative responses to selected parametric 
alterations of management systems. This type of model is 
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perhaps the most easily justified and perhaps the most 
accurate (Barfield, Hann, and storm, 1989). Various models 
that accommodate erosion predictions are available, and 
several are noteworthy. 
The Agricultural Runoff Model (ARM) was the pioneer 
model upon which many subsequent models were based. Donigan 
and Crawford (1976) developed ARM to estimate runoff, 
erosion, nutrient and pesticide losses from field-scale 
areas. The ARM model requires field data for calibration, 
and little reference to ARM is seen in the literature when 
compared against other models (Leonard and Knisel, 1986; 
Knisel, 1989). This is apparently due to a lack of model 
maintenance and little active technical support by the 
developers (Leonard and Knisel, 1986). 
A good basin-scale model of hydrology and soil erosion 
for watershed planning was developed by Beasely, Juggins, 
and Monke (1980). ANSWERS (Areal Nonpoint Source Watershed 
Environment Response simulation) is an event-based model 
that functions across watershed-sized areas delineated by 
square grids, or cells (Beasely et al.,1980). In practice, 
ANSWERS is considered to be a data-intensive model requiring 
both breakpoint rainfall and spatially intensive soil 
characteristics to obtain relative rankings rather than 
absolute predictions (Beasely, 1989). 
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In 1978, the Agricultural Research Service of the U.S. 
Department of Agriculture assembled a national task force to 
develop relatively simple, cost-effective computer models 
for evaluating nonpoint source pollution (Knisel, Foster and 
Leonard, 1983). The CREAMS (Chemicals, Runoff, and Erosion 
from Agricultural Management Systems) model estimates the 
effects of these three factors on water pollution from 
nonpoint sources at the field-scale level (USDA, 1984). The 
model represented physical processes and was state-of-the-
art with the capability to reflect differences in water, 
sediment, and chemical responses from different management 
practices (Leonard, Knisel, and Still, 1987). 
The model was designed to meet four main objectives: 
1) to be physically based, such that calibration is not a 
requisite for specific applications; 2) to be easy enough to 
use, with as few parameters as possible, yet remain 
relatively accurate; 3) to be capable of estimating runoff, 
percolation, erosion, and dissolved and adsorbed plant 
nutrient and pesticide losses; and 4) to be capable of 
distinguishing between management practices (Knisel, 1980). 
The user manual and supporting documentation to the CREAMS 
model, Conservation Research Report 26 (Knisel, 1980), 
provides detailed descriptions of the necessary inputs for 
its use. For a complete account of the CREAMS model, users 
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should reference this report. A flow chart of the system is 
provided in Figure 3. 
Since the development of CREAMS, several models have 
utilized the fundamental equations derived in CREAMS 
defining detachment and deposition of soil particles by 
water. The AGNPS (Agricultural Nonpoint Source) model is a 
simplification of the ANSWERS model, and it employs CREAMS-
defined sedimentation equations. As with ANSWERS, AGNPS is 
event-based and produces relative predictions for watershed 
sized areas. As with any storm-based model, information 
associated with subsurface drainage is not readily available 
(Beasely, 1989). 
Most recently, a model based upon several CREAMS 
subroutines was developed which provides simulation of 
basin-scale hydrologic processes. This model, SWRRBWQ 
(Simulator for water Resources in Rural Basins-water 
Quality), considers surface runoff, return flow, 
percolation, evapotranspiration, transmission losses, pond 
and reservoir storage, sedimentation, and crop growth 
(Arnold et al., 1991). The major changes to the CREAMS 
model were that the model was expanded to allow simultaneous 
computations on several sub-basins and components were added 
to simulate crop growth, soil temperature, and sediment 
movement through ponds, reservoirs, streams and valleys 
(Arnold, 1989). At present, research is underway to assess 
NATURAL INPUT 
Precipitation 
Radiation 
Temperature 
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MANAGEMENT INPUT 
Land Use 
Cultural Practices 
Plant Nutrients 
Pesticides 
Watershed System 
(Geology t Soil, 
Topography) 
Surface Runoff 
Percolation 
OUTPUT 
____ •• Erosion I Sedimentation 
/ 
Dissolved / Adsorbed 
Chemicals 
Figure 3. Flow chart of the CREAMS model inputs and outputs 
(after Knisel, 1980) 
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the predictive capabilities of SWRRBWQ toward validation of 
the model. 
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CHAPTER II. OBJECTIVES 
Riparian tree-shrub-grass buffer strips between 
agronomic crops and neighboring waterways offer multiple 
benefits to agricultural watersheds. Very little is known, 
however, about the design of effective buffer strips. 
Because these buffer strips can occupy a considerable 
portion of normally-arable land, it is important to assess 
the widths necessary to obtain desired reductions in 
sediment delivery. Specifically, the objectives of this 
research are: 
1) to analyze the performance of buffer strips by 
means of CREAMS model computer simulation, 
2) to quantify the expected sediment delivery 
reductions exhibited at the Risdal buffer strip project, 
3) to develop a buffer strip design procedure using 
ZBasic1 programming. 
1ZBasic is a registered trademark of Zedcor, Inc. 
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CHAPTER III. LITERATURE REVIEW 
This section will present research related to buffer 
strip performance evaluations and pUblications reporting 
results of CREAMS model applications. 
Buffer strip evaluations 
The ability of vegetative buffer strips to reduce 
stream sediment loading has been demonstrated by several 
researchers (Lowrance et al., 1984a, Lowrance et al., 1984b, 
Oebano and Schmidt, 1989). The literature contains some 
divergence on the sediment reduction utility derived from 
buffer strips. Analyses of the effectiveness of grass 
filter strips, pioneered by Wilson (1967), have reported 
that reductions in sediment accumulations to proximal 
waterways are observed using grass filter strips. In a 
study to determine the relative influences of field leng"th 
and slope, rainfall erosivity, and growth stage of various 
grasses on sediment removal from groundwater recharge-bound 
flood water, Wilson (1967) reported 60 to 95 percent removal 
of sediment depending on grass variety. A common Bermuda-
grass performed best, removing up to 99 percent of the 
sediment. 
The amount and particle size distribution of naturally-
eroded sediment retained by sod buffer strips was studied by 
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Neibling and Alberts (1979). Additionally, they determined 
minimum widths of sod strips necessary to reduce given size 
fractions of sediment leaving the strip. Sod strip widths 
ranging from 0.6 to 4.9 m were found to reduce total 
sediment discharge rates by more than a factor of 10. In 
each width examined, percentage of particles leaving the 
strip in size fractions greater than 0.02 rom decreased while 
the percentage in size fractions smaller than 0.02 mm 
increased. They found that increases in strip width beyond 
0.63 m provided very little additional effectiveness in 
reducing sediment discharge regardless of particle size. 
Magette et ale (1989) studied nutrient and sediment 
removal from agricultural runoff by vegetated filter strips 
using simulated rainfall. Vegetated filter composition was 
Ky-31 fescue in strips 4.6 and 9.2 m wide. They reported 
reductions in suspended sediment losses from an average ~3.1 
metric tons/ha without filter strips to 4.6 and 2.4 metric 
tons/ha with 4.6 and 9.2 m filter strips, respectively. 
They also concluded that the performance of vegetated filter 
strips in reducing nutrient losses from agricultural lands 
is highly variable (Magette et al., 1989). 
In two papers, Dilaha et ale (1985, 1989) evaluated the 
effectiveness of vegetative filter strips for the removal of 
sediment, nitrogen, and phosphorous from cropland runoff. 
Plot studies were conducted using rainfall simulation across 
16 
0, 4.6, and 9.1 m filter strips, and qualitative evaluations 
of vegetative filter strips existing in the Commonwealth of 
Virginia were undertaken. Plot design included replications 
of shallow, uniform overland flow and concentrated flow 
among slopes of less than 1 and 4%. The 4.6 and 9.1 m 
filter strips on the uniform plots reduced overall sediment 
discharge from 53 to 86% and 70 to 98%, respectively. The 
concentrated flow plots were less effective, reducing 
sediment yields by 83 and 93% from the 4.6 and 9.1 m filter 
strips, respectively. While the reported sediment yield 
reductions for concentrated flows appear to be effective, a 
diminished effectiveness conclusion was drawn due to 
unrepresentative flow conditions in their plots. 
From the qualitative evaluation of 18 existing 
vegetative filter strips, Dilaha et al. (1989) concluded 
that filter strip performance at sediment removal was ju~ged 
to fall into two categories: 1) In hilly areas, filter 
strips were generally qualified as ineffective because 
runoff concentrated in natural drainageways within fields 
before reaching the filter strips, and 2) in flatter areas, 
where stormwater runoff entered the filter strip as shallow 
uniform (overland) flow, the vegetative filter strips 
appeared to be more effective (Dilaha et al., 1989). 
Dilaha et al. (1985) concluded that vegetative filter 
strips are ineffective for sediment and nutrient removal 
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under concentrated flow conditions. In addition, the 
effectiveness of filter strips decreases with time as 
sediment accumulates within it unless the vegetation can 
grow as fast as it is being buried. 
Natural forest buffer strips 
Few researchers have devoted effort to understanding 
the role of riparian forests in retaining stream-bound 
sediment from agricultural fields. However, the environ-
mental benefits of leaving buffer zones in logging oper-
ations are well known (Borman and Likens, 1979). within 
harvesting units adjacent to streams, uncut timber zones 
provide protection for aquatic ecosystems during and after 
timber harvest (Steinblums et al., 1984). 
In a preclusive research note to a U.S.D.A. Forest 
Service project, Heede (1990) found that existing "natural 
vegetation" buffer strips act as barriers for reducing soil 
movement from forested plots upslope. Heede (1990) assessed 
vegetation types including ponderosa pine, pinyon-juniper, 
chaparral, willow, and cottonwood. While a ponderosa pine 
unit with an uncut buffer zone delivered an average of 0.85 
kg/ha/yr of sediment after harvest, similar non-wooded areas 
without buffer strips averaged 51.60 kg/ha/yr, or 61 times 
more sediment. Heede (1984) concluded that the strips 
behave very similarly regardless of vegetation type. 
18 
Furthermore, it was suggested that many tree species could 
be utilized for the control of sediment delivery to streams. 
In a study appraising water quality in Illinois 
agricultural watersheds, Schlosser and Karr (1981) concluded 
that where natural riparian vegetation is present, runoff is 
released more slowly to the stream channel and sediment 
deposition occurs. In addition, streambanks appear to be 
minor sources of sediment when the streambank is well 
protected by riparian vegetation. 
Cooper et ale (1987) attempted to determine the amount 
of sediment deposited in riparian areas from agricultural 
fields using Cesium-137 fallout data. Cesium-137 has been 
used as a tracer to determine sedimentation rates, and was 
used here to study the deposition of sediment during from 
1967-87 (Cooper et al., 1987). Approximately 80% of the 
sediment measured in the watershed was deposited above a 
flood plain swamp; 50% of this sediment was deposited within 
100 m of the exit location from the cultivated fields. 
Their interpretation of recent depositional history revealed 
that riparian areas downgrade from cultivated fields offer a 
potential for sediment trapping before a perennial stream is 
reached. 
Cooper et ale (1987) further demonstrated that stream 
drainage should be considered when designing or maintaining 
buffer strips. They suggested that with movement down-
19 
stream, the buffer zone width needs to increase, as inputs 
enter higher order streams and the opportunity for deposi-
tion decreases, while the chances for transport increase due 
to larger flow volumes. 
CREAMS model applications 
A representation of CREAMS hydrology and actual 
sediment production for central Illinois was presented by 
Ewing (1989). Weighted percentage area averages of the 
characteristics of soils contained in each of seven water-
sheds were used in defining parameter sets. Two simulations 
were conducted for each watershed: One set of parameters 
used general soil and weather data representative of central 
Illinois, while the other parameter sets were defined 
according to measured data of the weather and soils found 
specifically on the watersheds. 
The predictive accuracies of runoff and sediment 
delivery output data were analyzed with a paired comparison 
test using a Student's "t" distribution. The resulting 
conclusion was that no significant difference exists 
(p>O.05) between predicted and measured runoff or sediment 
delivery from the seven watersheds. Therefore, CREAMS 
adequately predicted runoff and sediment delivery from these 
watersheds (Ewing, 1989). 
20 
Runoff that was predicted using the specifically-
derived parameter sets was less significantly different from 
measured runoff than runoff that was predicted using 
generally-derived parameter values (Ewing, 1989). The 
prediction of sediment delivery was equally accurate using 
the general and specific parameter values. The greater 
predictive accuracy of sediment delivery occurred because 
few of the runoff events produced measurable soil loss, and 
therefore, CREAMS seemed capable of determining whether or 
not soil loss would occur (Ewing, 1989). 
Knisel, Foster, and Leonard (1983) applied the CREAMS 
model to a Georgia piedmont watershed in an extensive 
evaluation of alternate management practices for the 
minimization of runoff of sediment and chemicals from a 
farmed field. The five management practices assessed, under 
continuous corn production, are as follows: 
1) Conventional tillage (i.e., plow, disk, plant), 
spring moldboard plow; 
2) Same as practice 1, except grassed waterway in 
concentrated-flow area; 
3) Chisel plow used instead of moldboard plow, no 
cUltivation. Grassed waterway in concentrated-flow 
area; 
4) Conventional tillage, as in practice 1, channel-type 
terraces with 0.2 percent grade, tillage on contour, 
grassed terrace outlet channel; 
5) Same as practice 1, with tile outlet impoundment at 
the fence line. 
The grassed waterway (practice 2) eliminated erosion 
due to concentrated flow in the previously unprotected 
21 
waterway and caused deposition of some of the sediment 
eroded on the overland flow area. Using terraces alone with 
conventional tillage (practice 4), sediment yield was 
reduced by 82 percent. 
Before Jamieson and Clausen (1988) tested the CREAMS 
model in northern Vermont, the model had been tested 
primarily in the southern United states. Their purpose was 
to assess the predictive capabilities of the model in cold 
climates using monthly observed and simulated values of 
runoff, sediment, and phosphorous exports from agricultural 
fields. Simulated annual runoff from two study sites was 
only 19 and 24 percent of observed runoff. Pronounced 
differences in predicted monthly runoff were evident during 
spring snowmelt; overpredictions were noted when observed 
runoff was low, and underpredictions occurred when observed 
values were high. This poor agreement was reportedly due to 
monthly average temperature and solar radiation values used 
by the model to predict the relatively short period of 
snowmelt common in Vermont. 
Jamieson and Clausen (1988) found that the hydrologic 
sub-model is not sensitive to daily climatic fluctuations 
that may cause substantial runoff and the accompanying 
sediment and chemical transport. Furthermore, they 
concluded that the use of static values for parameters that 
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vary throughout the year contribute to inadequate predic-
tions of runoff and sediment yield in cold climates. 
CREAMS model simulations were presented by Williams and 
Nicks (1988) for grass filter strips of different widths and 
grass stand qualities (based on Manning's n) to determine 
their capacity to reduce sediment from wheat-production 
watersheds, with different slopes and slope configurations, 
in Oklahoma. A preliminary simulation considered a 1.6 ha 
bare-soil field of 2.4 percent concave-convex slope to 
determine maximum possible soil lo~s. Subsequent runs were 
made with buffer strip widths of 3.0, 4.6, 6.1, 9.1, 12.2, 
and 15.2 m. Manning's n values chosen to reflect different 
qualities of grass stand were 0.023, 0.032, 0.046, 0.084, 
0.150, and 0.400; thus, a range of values from poor to very 
dense grass stands was defined. Upon completing the bare 
field situation, additional simulations were run in which 
the uniform slopes were altered from 2.4 percent to 5.0%, 
7.5%, and 10%. 
According to Williams and Nicks (1988), soil loss on 
the original slope decreased as the filter strip widened or 
grass stand quality increased, or both, except when the 
grass stand quality was poor. In addition, as soil loss 
decreased, selective filtration of larger particles in the 
sediment resulted in increases in the clay enrichment ratio. 
When uniform slope was increased, the clay enrichment ratio 
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decreased, as runoff from steeper slopes moved more sand, 
small and large aggregates, and clay particles through the 
filter strip. In general, convex slopes were found to 
present the worst condition for filter strip use. 
Williams and Nicks (1988) concluded that a point exists 
beyond which increases in the filter strip width will not 
reduce soil loss. This, they reasoned, is because soil is 
also lost from the buffer strip itself. As a general rule, 
for excellent or very dense grass stands, they found that 
soil loss declined 2% for each 3.0 m increment added to 
their basic 3.0 m filter strip width. 
In 1986 Flanagan et ale studied the applicability of 
the CREAMS model to the design of filter strips using 
sediment delivery ratios (SOR) , the mass of sediment leaving 
a filter strip divided by the mass of sediment entering the 
strip. Initially, they used the CREAMS model to examine how 
sediment delivery ratios, from a single rainfall event, were 
affected by six parameters: the width of strip, bare soil 
to grass strip width ratio, soil type, soil erodibility, 
slope, and roughness of the grass. 
The ratio of bare soil to grass strip width was found 
to be more important than simply the strip width in deter-
mining SOR, because for any two largely different strip 
widths with the same ratio, SOR remained approximately 
constant (Flanagan et al., 1986). Their simulations with 
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CREAMS predicted that soils of sandy texture would have the 
lowest SDR's due to rapid deposition of large aggregates and 
sand particles. Also, clay soils were found to exhibit 
relatively low sediment delivery due to the formation of 
rapidly-deposited cohesive aggregates. silt and silt loam 
soils were predicted to have some of the highest SDR's, as 
their particle fractions contain large amounts of finer 
silts and clays that are slower to deposit than larger 
particles. The effect of various soil erodibility factors 
seemed to have little influence on SDR, although the total 
amounts of sediment entering and leaving the strip were 
substantially different. 
When slopes were varied from 2.5 to 20 percent, no 
significant change in SDR was observed. SDR decreased with 
larger values of hydraulic roughness (Manning's n), but a 
minimum possible SDR seems to exist for a given set of grass 
filter conditions and storm characteristics (Flanagan et 
al_, 1986). 
Additional examination by Flanagan et al. (1986) of the 
CREAMS model applicability in filter strip design compared 
CREAMS performance against experimental data from Alabama, 
Indiana, Kentucky, and Mississippi. Data from five 
vegetative filter strip studies included runoff rates, 
sediment loads, concentrations into and out of the strips, 
and distribution of particles entering the strips. Initial, 
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bare-soil runs were made using slope and particle 
distribution as provided by each study. Next, a vegetative 
filter strip was added to the bottom of the slope and 
trapping percentages were calculated by 
% Trapping-l 0 0% (l-SDR) 
Close agreement was found between the CREAMS-predicted 
trapping efficiency and the experimentally observed trapping 
in each of the locations. Their results demonstrate that 
CREAMS adequately describes the depositional processes 
occurring within a grass filter strip. 
A sensitivity analysis of the CREAMS model to a few 
variables, as they affect soil loss, was conducted by Becker 
(1984). Variables altered to test sensitivity were runoff 
curve number, different land uses, and land management 
practices. Model predictions were also compared to in-field 
measurements of soil loss. 
The runoff curve number is a measure of a particular 
soil's runoff potential, as determined by soil type, land 
use, and land treatment (Becker, 1984). The influence of 
varying the runoff curve number was that rapid increases in 
annual soil loss occur when the curve number exceeds 80; 
small changes in curve number above 80 result in very large 
changes in soil loss (Becker, 1984). 
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Becker simulated cover crops of winter wheat, grain 
sorghum, and a native grass cover and found that relatively 
little difference in the runoff volumes for the different 
land uses. In addition, the level of crop production had 
only a slight effect on soil loss. A high-yielding wheat 
crop, which produces a larger volume (and weight) of 
residue, had soil losses only 7 percent less than a poorer 
yielding wheat crops (Becker, 1984). 
To assess the affect of various land management 
practices on the amount of soil loss, Becker (1984) ran 
simulations using a moldboard plow and a chisel plow. 
Simulated soil loss from the former was about 30 percent 
greater than from the chisel-plowed acreage. This 
difference was attributed to the amount of soil exposed to 
erosion elements by the plow type. 
Becker's (1984) model predictions were roughly half of 
the field-measured soil loss amounts. Only one year was 
simulated, though, and that year was fairly unrepresen-
tative, as two storms produced nearly all the annual total 
runoff, one of which was the largest storm ever recorded. 
Becker (1984) inferred that the inaccuracies in soil loss 
prediction are the result of atypical and insufficient 
precipitation data. 
Based on the literature, buffer strips are generally 
regarded as an effective means of controlling sediment 
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delivery to streams by overland runoff water. Under 
concentrated flow conditions, buffer strips will be only 
partially effective. Channel flow elements are best managed 
up-gradient with grassed-waterways or diversion terraces. 
The inclusion of a short-rotation-woody-crop agrofor-
estry system to the traditional grass buffer strip design 
offers multiple benefits to the environment and to the 
landowner. 
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CHAPTER IV. METHODOLOGY 
In order to analyze the performance of riparian tree-
shrub-grass buffer strips at reducing sediment delivery to 
streams, the CREAMS model was utilized. CREAMS is divided 
into four sections, or sub-models: 1) Surface water 
hydrology~ 2) Erosion/Sediment yield; 3) the Nutrient sub-
model; and 4) the Pesticide sub-model. The principle 
operant of CREAMS is the Hydrology sub-model, upon which 
subsequent routines must rely for hydrologic input. After 
running one component of the model, a "pass file" is created 
and read into successive routines. 
Most plant nutrients (especially phosphorous and to 
some extent nitrogen) in cropland runoff are attached to 
denuded soil particles (Karr and Schlosser, 1978). The 
riparian ecosystem has been shown to act as both a short-
and long-term filter and sink, provided that trees are 
harvested periodically, ensuring a net uptake of nutrients 
(Lowrance et al., 1984b). Because the chemistry components 
of CREAMS cannot account for streamside nutrient retention, 
and because the primary objective of vegetative buffer 
strips is to trap sediment in runoff, the nutrient and 
pesticide models were not applied or evaluated (Hayes, 
Barfield, and Barnhisel, 1984). 
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Research in the study under consideration involved 
defining parametric inputs utilized within the first two 
sub-models, hydrology and erosion/sediment yield, of the 
CREAMS model. The CREAMS model used in this study was 
Version 1.8/PC (Knisel, 1980). 
Defining the hydrologic properties requires knowledge 
of natural inputs (i.e., precipitation, radiation, and 
temperature), and management inputs such as land use and 
cropping practices. Two input files are required for 
hydrology sub-model operation: a daily rainfall file and a 
hydrology parameter file. A 25 yr daily rainfall record 
from Ames, IA (located 19.3 km south and 4.8 km west of the 
Risdal project site) was used as precipitation input. In 
the period of 1964 to 1989 in Ames, Iowa, 2197 storms 
produced 181 cm of runoff. precipitation records of such 
duration are desired, as natural variability of storms, time 
of year, and antecedent soil conditions will affect runoff 
and erosion (Flanagan et al., 1986). 
The daily rainfall option (Option I) in CREAMS uses the 
SCS curve number procedure to compute runoff. The SCS run-
off curve technique relates runoff to soil type, land use, 
and management practices, and its reliability has been 
verified in several united states studies (Williams and 
LaSeur, 1976). While neither daily nor hourly rainfall 
amounts are, by themselves, accurate estimates of rainfall 
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erosivity, an approximation of erosivity is given by: (from 
Knisel, 1980) 
EI-8 . 00 V;oSl 
where: EI = Erosivity index 
and: Vr = Volume of rainfall (in) 
Because the coefficient of determination (R~) is 0.54, 
EI values from the equation are subject to considerable 
error for any specific storm (Knisel, 1980). Daily rainfall 
data from Arizona, Georgia, west central Iowa, Mississippi, 
Montana, Nebraska, east central Ohio, Oklahoma, New Mexico, 
Texas, and west Virginia were found to approximate annual 
runoff generally well (Knisel, 1980). 
Selection of values for the hydrology sub-model was 
based upon site information and a Story County Soil Survey 
(DeWitt, 1984) and are presented in Table 1. 
Two input files are required for erosion-sediment yield 
sub-model operation: a hydrology pass file and an erosion 
parameters file. Selection of values for the erosion/ 
sediment yield sub-model was based upon site information and 
a Story County Soil Survey (DeWitt, 1984) and are presented 
in Table 2. 
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Table 1. Hydrology parameters file 
Symbol 
DACRE 
RC 
FUL 
BST 
CONA 
POROS 
BR15 
SIA 
CN2 
CHS 
WLW 
RD 
TEMP 
RAD 
LAI 
Parameter 
Name, units 
Catchment area, acres 
Effective hydraulic 
conductivity of 
soil, in/hr 
Fraction of pores pace 
filled at field capa-
city 
Fraction of plant av-
ailable water storage 
filled at beginning of 
simulation 
Soil evaporation 
parameter 
Soil porosity, in/in 
Immobile soil water 
content at 15 bars 
tension, in/in 
Initial abstraction 
coefficient for SCS 
curve number method 
Condition II SCS curve 
number 
Hydrologic slope, ft/ft 
Ratio of watershed 
length to width 
Effective rooting depth 
Monthly mean temper-
ature, degrees F 
Monthly mean radiation, 
langleys/day 
Leaf area index for corn 
Value 
6.3 
varies 
varies 
0.5 
varies 
varies 
varies 
0.2 
76.0 
varies 
3.5 
48.0 
varies 
varies 
Source 
Field data 
Model manual 
Model manual 
Model manual 
Model manual 
Model manual 
Model manual 
default 
Model manual 
field data 
field data 
Model manual 
field data 
field data 
Model manual 
Relative differences in soil loss were interpreted 
among three local soils of the Risdal farm, and varied along 
four different slopes. Two alternative systems were 
considered: Alternative 1 (the base system) consists of 
continuous corn cropping with conservative tillage 
operations and a light crop residue; Alternative 2, a 21.3 m 
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Table 2. Erosion/sediment yield parameters file 
Symbol 
NBAROV 
WTDSOI 
KCH 
NBARCH 
SOLCLY JL 
SOLSLT r 
SOLSND 
SOLORG 
SSCLY t SSSLT SSSND SSORG 
DAOVR 
SLNGTH 
AVGSLP 
SB ]= SM SE 
XIN(3) 
XIN(4) 
YIN(3) 
YIN(4) 
Parameter 
Name, units 
Manning's n for over-
land flow (bare soils) 
Weight density of 
soil, Ibs/cubic ft 
Soil erodibility by 
concentrated flow 
Manning's n for channel 
flow over bare soil 
Clay, silt, and sand 
fractions in the surface 
layer exposed to erosion 
Fraction of organic mat-
ter in the surface layer 
exposed to erosion 
Specific surface areas 
for clay, silt, sand, and 
organic matter particles, 
square meters/gram 
Area represented by over-
land flow profile, acres 
Slope length of overland 
flow profile, ft 
Average slope of overland 
flow profile, ft/ft 
Slope at the upper 
middle 
lower end of profile, ft/ft 
Distance from top of 
slope where mid uniform 
section begins, ft 
Distance from top of 
slope where mid uniform 
section ends, ft 
Elevation above lower 
point where mid uniform 
section begins, ft 
Elevation above lower 
point where mid uniform 
section ends, ft 
Value Source 
0.01 Model manual 
96.0 N:odel manual 
varies Soil survey 
0.03 Model manual 
varies field data 
varies field data 
varies Model manual 
6.3 field data 
350.0 field data 
varies field data 
varies field data 
350.0 
t 
field data 
for 
uniform 
350.0 slope 
0.0 field data 
0.0 field data 
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riparian buffer strip was included proximal to Bear Creek, 
with corresponding management inputs as in the base. The 
soils considered are 1) the Clarion loam (Fine-loamy, mixed, 
mesic Typic Hapludol1s); 2) the Zenor sandy loam (Coarse-
loamy, mixed, mesic Typic Hapludolls); and 3) the Webster 
clay loam (Fine-loamy, mixed, mesic Typic Haplaquolls). 
The surface water runoff pattern modelled was the 
overland and channel (or concentrated) flow pattern that 
most midwestern fields exhibit. The channel element is used 
to represent flow in terrace channels, diversions, major 
flow concentrations where topography has caused overland 
flow to converge, grass waterways, row middles or graded 
rows, tail ditches, and other similar channels (Foster et 
al., 1980). Erosion-sediment yield sub-model output 
separates the predictions of soil loss by overland flow from 
those by channel flow (Morgan and Morgan, 1982). To analyze 
soil loss at the Risdal farm, overland flow and channel flow 
components were combined to give the predicted value, in 
accordance with Morgan and Morgan (1982). 
Farming operations used as input to the erosion-
sediment yield sub-model included continuous corn, 
conservation tillage system for all runs of the model. The 
dates upon which farming operations took place are given in 
Table 3. 
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Table 3. Farming operations used as input into CREAMS 
erosion/sediment yield sub-model 
Date 
May 11 
May 12 
June 12 
October 25 
operation 
Pre-plant cUltivation 
Plant 
Cultivate 
Harvest 
The area that forms the basis of the buffer strip 
effectiveness analysis is later referenced as Location 8 in 
the simulations for the Risdal project. 
In approximating the maximum possible soil loss, the 
fields were initially considered bare, and the corresponding 
erosion parameter file was created. To simulate a buffer 
strip between the agricultural field and stream, an abrupt 
change in surface roughness (Manning's n) was encountered, 
thus mimicking the grass strip. Roughness factor (n) is an 
index of surface irregularities or vegetal retardance in a 
drainage channel that reduce the velocity of water 
(Schlosser and Karr, 1978). Manning's n values for overland 
flow in the base case was 0.03 and 0.20 for the tree-shrub-
grass buffer strip (Alternative II) in accordance with the 
conditions described in Phillips (1989). These values were 
applied to the Risdal simulations, as well. 
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CHAPTER V. RESULTS AND DISCUSSION 
In this section, the CREN1S Erosion/Sediment Yield 
output for the three soils modelled is presented and 
performance of riparian tree-shrub-grass buffer strips at 
reducing sediment delivery to watercourses is addressed. In 
addition, results from the buffer strip design procedure 
(BUFRCALC) program are given. 
The results are not, in and of themselves, absolute 
predictions. Rather, they are relative numbers lending 
themselves to management-alternatives decision making. It 
is noteworthy to mention that all three of the soils under 
investigation fall into the "loamyrr category. Soils in the 
"sandy" or "clayey" categories would certainly have yielded 
different responses. 
Management scenario I: Base 
Simulated quantities of stream-bound sediment in metric 
tons/hectare/year from the bare field across the Clarion, 
Webster, and Zenor soils are presented in Figures 4, 5, and 
6, respectively. Each soil type displayed considerable 
variation among years and percent of slope. These variat-
ions were less pronounced when compared between soil types; 
the trends in annual soil loss rates were similar for all 
three soils. In all cases, the net contribution of sediment 
from overland flow was considerably less than from the 
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concentrated portion. The Webster clay loam exhibited the 
most soil loss along all slopes considered, while the Zenor 
sandy loam displayed the least amount. 
mean metric tonalbectare/year (n-25) 8.------------------------------------------------------, 
1 
II ............................................................................................ ~~~ 
II ........................................................................................... . 
~ ..•.............•.•......•..............•.•....•........•........ ~~~ 
~ •......•..••.••..••..•.....•...•.......•.•••.....•.....•.•....... 
S! ..................................... . 
1 
1 .. Slope S II Slope 5. Slope 7 ... Slope 
.. O¥erland Flaw ~ Concentrated Flaw 
Figure 4. Simulated quantities of annual soil loss (metric 
tons/hectare/year) for the Clarion loam bare field 
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Figure 5. Simulated quantities of annual soil loss (metric 
tons/hectare/year) for the Webster clay loam bare 
field 
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Figure 6. Simulated quantities of annual soil loss (metric 
tons/hectare/year) for the Zenor sandy loam bare 
field 
39 
Management scenario II 
In evaluating the alternative system, the impact of the 
riparian tree-shrub-grass buffer strip on soil loss reduc-
ti9ns is best visualized when overland- and concentrated-
flow elements are combined. The simulated quantities of 
sediment produced from the Clarion, Webster, and Zenor soils 
under the alternative management scenario are graphically 
illustrated in Figures 7, 8, and 9, respectively. 
When the overland flow elements were compared alone, 
more pronounced reductions in sediment yield, by means of 
the buffer strip, were noted. The opposite effect was noted 
when concentrated-flow soil losses were singly compared. 
The apparent proclivity is for the concentrated-flow element 
to confound the overland soil loss. 
Each of the soils displayed considerable variation 
among years and percent slope, although these differences 
were less pronounced when compared between soil types; the 
trends in annual soil loss rates were similar among the 
three soils, as in the base scenario. With a 21.3 m 
riparian tree-shrub-grass buffer strip between the waterway 
and agronomic field, the greatest reductions in annual 
sediment yield were exhibited for the Zenor sandy loam. 
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mean metric tons/hectare/year (n-25) 
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2 ......................................... . 
o 
1 .. Slope 3 III Slope 5 .. Slope 7 III Slope 
_ Bare Soli ~ 21.3 m Buffer Strip 
(overland flow + concentrated flow) 
Figure 7. Simulated quantities of annual soil loss (metric 
tons/hectare/year) for the Clarion loam with 
buffer strip 
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Figure 8. Simulated quantities of annual soil loss (metric 
tons/hectare/year) for the Webster clay loam with 
buffer strip 
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Figure 9. Simulated quantities of annual soil loss (metric 
tons/hectare/year) for the Zenor sandy loam with 
buffer strip 
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Particle fractions assessment 
In assessing the overall performance of riparian tree-
shrub-grass buffer strips, particle size distributions in 
relation to total sediment load must be considered. To be 
certain, a riparian buffer strip analysis, based on sediment 
mass alone, only partially considers their relative 
effectiveness at reducing sediment delivery to streams. For 
this reason, an assessment of the particle size fractions in 
cropland runoff was conducted for both management scenarios. 
The CREAMS Erosion/Sediment Yield sub-model identifies 
five types of particles in detached sediment according to 
their diameter: 1) primary clay; 2) primary silt; 3) small 
aggregate; 4) large aggregate; and 5) primary sand. The 
aggregated particles are cohesive conglomerates of primary 
particles and organic matter. In the following figures 
stream-bound sediment particle fractions are distinguished 
from eroded soil fractions, which may deposit within the 
field, and labelled "gross erosion." 
The particle size fractions of sediment from the 
Webster clay loam base scenario over 1- and 5% slopes are 
graphically presented in Figures 10 and 11, respectively. 
Bare-field overland flow displays deposition of large 
aggregates and sand along the 1% slope (Figure 10). 
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However, the ability of the bare field to induce deposition 
decreases with steeper slopes (Figure 11). 
This trend of low-slope large aggregate and sand 
particle deposition without a buffer strip was apparent for 
the Clarion and Zenor soils, as well (Figures 12 and 13, 
respectively). Along steeper slopes, the nearly parallel 
lines of gross erosion and concentrated runoff fractions, 
from the Clarion and Zenor soils, suggest insignificant 
sediment retention within the field (Figures 14 and 15, 
respectively). 
When the alternative scenario was examined, selective 
retention of the larger particle fractions occurred within 
the buffer strip. For the Webster clay loam, virtuallY all 
of the overland-runoff small- and large-aggregate and sand 
particles were filtered along the 1- and 5% slopes (Figures 
16 and 17, respectively). 
Figures 16 and 17 present further evidence to support 
that buffer strips can only fractionally control 
concentrated runoff sedimentation. The nearly parallel 
lines of gross erosion and sediment in concentrated runoff 
suggest the inability of the buffer strips to retain 
sediment from even moderately sloping land. The overland-
flow element exhibits a nearly identical curve among both 
slopes, implying buffer strip effectiveness at reducing 
sediment yield across each slope examined. 
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Fraction in sediment 
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Figure 10. Simulated particle size distribution in sediment 
from 1% slope Webster clay loam bare field 
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Figure 11. Simulated particle size distribution in sediment 
from 5% slope Webster clay loam bare field 
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Figure 12. Simulated particle size distribution in sediment 
from 1% slope Clarion loam bare field 
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Figure 13. Simulated particle size distribution in sediment 
from 1% slope Zenor sandy loam bare field 
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Figure 14. Simulated particle size distribution in sediment 
from 5% slope Clarion loam bare field 
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Figure 15. Simulated particle size distribution in sediment 
from 5% slope Zenor sandy loam bare field 
51 
The buffer strip performed similarly when the Clarion 
loam and Zenor sandy loam were studied. Selective retention 
of the larger particle size classes occurred in both the 
Clarion loam 1- and 5% slopes (Figures 18 and 19, respec-
tively) and the Zenor sandy loam 1- and 5% slopes (Figures 
20 and 21, respectively). A strong propensity exists for 
sediment derived from overland-flow to deposit along, or 
within, the buffer strip. Contrarily, an inclination was 
noted for sediment in concentrated runoff from the three 
soils, to traverse the buffer strip with little attrition, 
except in the smooth slopes. 
While reductions in the total quantity of sediment 
leaving the field lends valuable information toward 
assessing the effectiveness of riparian tree-shrub-grass 
buffer strips, the particle size distribution of this 
sediment must be considered. Larger size particles (by mass 
and diameter) are more easily deposited than small particles 
due to increased density and runoff flow depth, causing 
decreased transport capacities. When sediment-laden runoff 
encounters vegetation, the flow depth increases and velocity 
decreases, due to the retarding effect of the vegetative 
elements (Hayes and Hairstrom, 1983). Thus, the selective 
filtering of the larger particle fraction by the buffer 
strip causes sediment retention along the leading margin of 
the strip. The smaller primary particles may be retained at 
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some point within the buffer strip, or in ponded water 
immediately above, or they may continue in the surface 
runoff to streamflow (Flanagan et al., 1986). 
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Figure 16. Simulated particle size distribution in sediment 
from 1% slope Webster clay loam with buffer strip 
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Figure 17. Simulated particle size distribution in sediment 
from 5% slope Webster clay loam with buffer strip 
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Figure 18. Simulated particle size distribution in sediment 
from 1% slope Clarion loam with buffer strip 
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Figure 19. Simulated particle size distribution in sediment 
from 5% slope Clarion loam with buffer strip 
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Figure 20. Simulated particle size distribution in sediment 
from 1% slope Zenor sandy loam with buffer strip 
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Figure 21. Simulated particle size distribution in sediment 
from 5% slope Zenor sandy loam with buffer strip 
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While reductions in the total quantity of sediment 
leaving the field lends valuable information toward 
assessing the effectiveness of riparian tree-shrub-grass 
buffer strips, the particle size distribution of this 
sediment must be considered. Larger size particles (by mass 
and diameter) are more easily deposited than small particles 
due to increased density and runoff flow depth, causing 
decreased transport capacities. When sediment-laden runoff 
encounters vegetation, the flow depth increases and velocity 
decreases, due to the retarding effect of the vegetative 
elements (Hayes and Hairstrom, 1983). Thus, the selective 
filtering of the larger particle fraction by the buffer 
strip causes sediment retention along the leading margin of 
the strip. The smaller primary particles may be retained at 
some point within the buffer strip, or in ponded water 
immediately above, or they may continue in the surface 
runoff to streamflow (Flanagan et al., 1986). 
Sediment, as primary particles and aggregated elements, 
has long been considered a sorbent for both organic and 
inorganic substances, many of which can be pollutants 
(Mulkey and Falco, 1977). While sediment deposition was the 
focus of this study, it is assumed that pesticides and 
nutrients sorbed to sediment would also be retained within 
the strip. In the study under consideration, the more 
reactive clay-size particles were predicted to move through 
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the buffer strip inordinately. The affect and subsequent 
fate of these chemically-rich particles on downstream water 
quality are beyond the scope of the investigation at hand. 
Current research is ongoing at the Risdal project toward 
understanding the nature of water quality enhancement as 
influenced by agroforestry practices. 
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CREAMS simulations for the Risdal project 
This section will present an application of the CREAMS 
model to quantify the expected sediment delivery reductions 
at the Risdal riparian tree-shrub-grass buffer strip 
project. While CREAMS is defined as a field-scale model, it 
is possible to run numerous simulations and combine the 
output to examine the effects of management practices on 
sediment delivery at the farm-scale. 
Defining the inputs 
The Risdal farm is a 32.4 ha segment of land through 
which Bear Creek meanders. At no time are the full 32.4 ha 
in agronomic production, as farm houses and buildings, non-
farmable sites, and the buffer strips exist and occupy much 
land. 
A fairly representative field profile was chosen for 
eight locations on the site. These occur in plots 1 and 2, 
5, 9, 10, 12, 14, and in 2 unused sections (see Figure 1). 
Table 4 highlights management and topographic features for 
the study sites. 
Since a 1991 precipitation record was unavailable, the 
25-year rainfall file from Ames, IA was used, in order to 
reflect the natural variability of storms over time. 
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Table 4. Locations, management and topographic features of 
simulation sites at the Risdal farm 
Plot 1991 streamside Erosion 
Location Number Cropping Condition Slope Sequence 
1 (unused) Soybeans unused 3% Overland 
Channel 
2 5 Soybeans Hybrid 3% Overland 
poplar Channel 
Buffer Strip 
3 (unused) Grassed unused 3% Overland 
waterway Channel 
4 9 Hay Maple-walnut 5% Overland 
Buffer strip 
5 14 Corn1 Maple-walnut 4% Overland 
Buffer strip 
6 12 Corn Hybrid 3% Overland 
poplar 
Buffer Strip 
7 10 Corn dense grass 4% Overland 
(control) 
82 1 & 2 Corn Green ash, 3% Overland 
Maple-walnut Channel 
Buffer Strip 
1 45 m grass section along slope between agronomic crop· and 
buffer strip. 
2 Data taken from performance analysis in Chapter V assuming 
3% slope across the Webster clay loam. 
In all cases, field area and drainage were approximated 
and slopes averaged to obtain a representative flow profile. 
Additionally, all locations containing the buffer strip 
application were initially considered without this manage-
ment alternative and subsequently simulated with the inclu-
sion of the buffer strip. Using this strategy, an estim-
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ation of the net reduction in sediment delivery to Bear 
Creek was simulated and buffer strip effectiveness 
quantified. 
In location 1, a concentrated flow drainage, as a 
permanent topographic feature of the field, supplies runoff 
across the field access road into Bear Creek. The local 
soil series is the Webster clay loam. 
A 3% field slope, displaying the typical overland flow 
into concentrated channel flows, and the 21.3 m riparian 
tree-shrub-grass buffer strip were modelled for the second 
Risdal study location. A Zenor sandy loam unit is the 
predominant soil in this location, and the tree component 
includes hybrid poplars. 
A grassed waterway is present in location 3, which 
receives a majority of runoff water from an adjacent field 
employing no conservation practices. It, therefore, 
contributes the largest per-plot amount of sediment, and 
renders the grassed waterway ineffective. 
The only hayfield simulation was conducted for a site 
in location 4. The Clarion loam series with a 6% slope was 
analyzed assuming three hay cuttings through the summer. A 
riparian buffer strip of silver maple and black walnut 
neighbors the creek, and receives sediment-laden runoff from 
overland flow. 
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Location 5 is unique in that along the convex-concave 
slope an additional 45.7 m grass field lies beside the 21.3 
m buffer strip. In this case a 67.0 m buffer strip was 
simulated. As with the other locations, the agronomic crop 
field was initially considered bare and subsequently 
simulated with the buffer strip. The overland erosion 
sequence was modelled for the Coland clay loam. 
Cropping management in location 6 is devoted to corn 
production within a 4% slope Coland clay loam unit. The 
21.3 m buffer strip is planted to hybrid poplar and receives 
its runoff from an overland flow sequence. 
In location 7, two soil units are present along a 4% 
slope. The Zenor sandy loam grades into a Cylinder loam, 
atop which a control plot occupies the riparian zone. Corn 
production is the agronomic practice within both soils. 
The data for location 8 were taken from the buffer 
strip performance analysis in Chapter V. In this location, 
a corn field above a 3% slope, Webster clay loam soil was 
simulated, and the overland-channel erosion sequence 
assumed. 
Assessment of relative performance of treatments 
In determining the relative effectiveness of riparian 
tree-shrub-grass buffer strips, the total soil losses for 25 
years of simulation were averaged and compared against the 
alternative management practice averages. It is noteworthy 
64 
to reiterate that the numbers generated are not absolute 
predictions but indicators of relative reductions in 
sediment delivery. 
The net reduction in sediment yield for the Risdal 
simulation locations are presented in Table 5. The effect 
of including a riparian tree-shrub-grass buffer strip to the 
five locations above translate to a net annual reduction in 
sediment delivery of 42%. Were the entire reach of Bear 
Creek along the Risdal farm similarly treated, a sediment 
yield reduction of 55% would be expected. 
Table 5. Net average reductions in sediment yield (metric 
tons/hectare/year) for the Risdal simulation 
locations (values in parentheses represent 
locations without buffer strips simulated) 
25-year 25-year If 
Average Average entirely 
Location (no buffer strip) (with buffer strip) vegetated 
1 2.91* (2.91*) 1.68* 
2 1.57* 0.65* 0.65* 
3 3.11* (3.11*) 2.55* 
4 0.88 0.09 0.09 
5 1.10 0.20 0.20 
6 1.98 0.09 0.09 
7 0.77 (0.77) 0.08 
8 3.77 1.67 1.67 
Total 15.77 9.17 7.01 
* Overland flow and concentrated flow are summed. 
The effectiveness of riparian tree-shrub-grass buffer 
strips, as designed, at reducing sediment yield could likely 
be greater over time. This is hypothesized in light of: 1) 
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increases in infiltration capacities along the tree 
component resulting in less runoff delivered to Bear Creek; 
2) greater surface roughness features within the tree 
component through the accumulation of a forest floor; and 3) 
tree canopy closure, causing interception of raindrops 
otherwise bound for direct impact with the soil surface, 
and, therefore, reducing the likelihood of mobilizing 
previously retained sediment. 
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CHAPTER VI. BOFRCALC: A BUFFER STRIP DESIGN PROCEDURE 
In general, an absence of buffer strip design install-
ation guidelines exists and, as a result, most buffer strips 
are designed based on local edaphic and topographic condi-
tions. Inadequate knowledge of buffer strip dynamics has 
resulted in installation, and subsequent failure, of buffer 
strips in areas where they are inappropriate because of 
topographic limitations (Dillaha, 1989). 
The total amount of normally-arable land that riparian 
tree-grass-shrub buffer strips can occupy is considerable, 
and, therefore, buffer strip widths should correlate with 
the susceptibility to erosion, topographic features, and 
management objectives (Christian et al., 1991). Because 
they can displace land from crop production, there is a 
tendency to minimize their extent (Magette et al., 1989). 
The following procedure is, by no means, a "handbook" 
for designing stable and effective buffer strips. BMP's 
must be carefully examined before investing in the appro-
priate choice. Due to the intricacies of the above corre-
lation, any buffer strip design procedure will be a gross 
approximation. 
Development of the BUFRCALC program 
To obtain a more accurate estimation of soil loss 
reductions using buffer strips, selected outputs from the 
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CREAMS erosion/sediment yield model, together with some 
user-specified site information, can be entered into a 
buffer strip design procedure program called BUFRCALC. The 
program source code is listed in Appendix C. Unless 
reliable input values are available from laboratory soil 
analyses, the hydrology and erosion/sediment yield submodels 
of CREAMS must be run first. 
The BUFRCALC program uses a sediment delivery ratio 
(SDR) estimation based on simplified equations of detachment 
and deposition of soil particles (from Flanagan et al., 
1986). In equation 1, the variables defining SDR are 
presented. 
[1 ] 
where: fi = fraction of particle type i entering the strip 
i = particle index 
and: 
where: 
cultivated soil length 
total slope lengt 
B = turbulence factor 
Vf = particle fall velocity (distance/unit time) 
a = excess rainfall rate (depth/unit time) 
[2 ] 
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Particle fractions (f t ) for each particle size index 
(i) entering the buffer strip are obtained from the CREAMS 
erosion/sediment yield output. The various particle 
diameters and their behavior in transport cause particle 
fall velocities to differ, and thus ¢ (equation 2) will 
differ, too. The turbulence factor, B, is a constant as is 
the excess rainfall rate, G. To compute ¢ values, 8=0.5 was 
used (Foster, 1982) and 0=31 mm/h. This value of G is 
typical of moderate to large storm events (Flanagan et al., 
1986; EPA, 1976). 
An assumption of the BUFRCALC program is that no 
erosion takes place from within the buffer strip itself and, 
therefore, SDR must be between zero and one. 
Defining the nature of the buffer strip in terms of its 
surface roughness (as measured by the Manning coefficient) 
and slope is done in the erosion/sediment yield sub-model of 
CREAMS. user-specified inputs to BUFRCALC include a measure 
of field slope length under cultivation, and a total field 
slope length. These lengths account for the Xu. ratio. 
Additionally, a preliminary estimation of annual soil loss 
for the field in tons/acre is required. This estimation can 
be made using the Universal Soil Loss Equation (Wischmeier 
and Smith, 1978), or more reliably, with the CREAMS model. 
The BUFRCALC procedure prompts the user for inputs 
defining equation 1 and calculates buffer strip sediment 
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yield reductions based on field dimensions and annual soil 
loss levels. with all necessary inputs entered, the effect 
of increasing the width of a hypothetical buffer strip on 
further reductions in sediment yield can be estimated. 
BUFRCALC program output 
To exemplify the output, the CREAMS erosion/sediment 
yield model was applied to a hypothetical field of 5% slope, 
with a slope length of 122 m, composed of Clarion loam soil. 
A meandering stream divides the farm into several small 
fields. The Universal Soil Loss Equation (Wischmeier and 
Smith, 1978) has been applied and has estimated an annual 
soil loss of 10 metric tons/hectare/year. Currently, 107 of 
the total 122 m slope length is farmable, and a buffer strip 
is being considered. 
The predicted soil loss reductions from the field using 
a buffer strip are presented in Table 6. 
Table 6. Predicted soil loss reductions from BUFRCALC 
program for hypothetical 122 m, 5% slope Clarion 
loam soil over varying buffer strip widths 
Predicted annual 
Buffer strip Trapping soil loss 
width (m) efficiency % (tons/hectare/year) 
0 10 
5 42.2 5.8 
15 43.1 S.7 
40 45.8 5.4 
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The predicted soil loss reductions from BUFRCALC 
indicate that for a buffer strip occupying approximately 4% 
of the total Clarion loam field slope length, roughly 42% 
less sediment would be delivered to the neighboring field or 
stream. Furthermore, increases in buffer strip width beyond 
the basic 5 m strip brought about insignificant additional 
trapping efficiencies and, therefore, sediment delivery 
ratios. 
While the results given involve complex equations 
describing the detachment and deposition of soil particles, 
they are approximations and will vary according to rainfall 
intensity, buffer strip vegetation, and management 
operations and objectives. If, after site examination, the 
installation of riparian buffer strips is deemed the 
appropriate BMP, the BUFRCALC procedure allows a quick 
calculation of trapping efficiency and sediment delivery 
ratio. As a buffer strip design tool, BUFRCALC can 
constructively assist in soil conservation endeavors. 
71 
BIBLIOGRAPHY 
Arnold, J.G., J.R. Williams, R.H. Griggs, and N.B. Sammons. 
1991. SWRRBWQ: A basin scale model for assessing 
management impacts on water quality. USDA-ARS, National 
Soil Erosion Research Laboratory, Purdue Univ., West 
Lafayette, IN. 
Barfield, B.J., C.T. Hahn and D.E. Storm. 1989. Why Model? 
In: Beasely, D.B., W.G. Knisel, and A.P. Rice, eds. 
Proceedings of the CREAMS/GLEAMS symposium, September 27-
29, Athens, GA. 
Barfield, B.J., Tollner, E.W., and J.C. Hayes. 1979. 
Hydraulics of erect vegetal filters used for sediment 
control. American Society of Agricultural Engineers, 
Paper No. 79-2059. 
Beasely, D.B. 1989. Similar Models. In: Beasely, D.B., W.G. 
Knisel, and A.P. Rice, eds. proceedings of the 
CREAMS/GLEAMS symposium, September 27-29, Athens, GA. 
Becker, N.M. 1984. Prediction of soil loss with the CREAMS 
model. In: Replogle, J.A., and K.G. Renard, eds. Water 
today and tomorrow: Proceedings of a Specialty 
Conference. July 24-26, Flagstaff, Az. 
Bormann, F.H., and G.E. Likens. 1979. Pattern and Process in 
a Forested Ecosystem. Springer-Verlag, New York. 253 pp. 
Christian, M.F., R.C. Schultz, C.W. Mize, and J.P. Colletti. 
1991. Application of the CREAMS model to simulate 
performance of riparian tree buffer strips: Implications 
for buffer strip design. In: H.E. Garrett, ed. 
Proceedings of the 2nd conference on agroforestry in 
North America. August 18-21, Springfield, MO. 
Cooper, J.R., J.W. Gilliam, R.B. Daniels, and W.P. 
Robarge. 1987. Riparian areas as filters for agricultural 
sediment. Soil. Sci. Soc. Am. J. 51:416-420. 
Debano, L.F. and L.J. Schmidt. 1989. Interrelationship 
between watershed condition and health of riparian areas 
in southwestern united States. In: Gresswell, R.E., 
B.A. Barton, and J.L. Kershner, eds. Practical approaches 
to riparian resource management: An educational workshop, 
May 8-11, Billings, MT. 
72 
DeWitt, T.T. 1984. Soil survey of story County, Iowa. USDA 
Soil Conservation Service. 
Dillaha, T.A., J.H. Sherrard, D. Lee, S. Mostaghimi, and 
V.D. Shanholtz. 1985. Sediment and phosphorous transport 
in vegetative filter strips: Phase I, field studies. 
American Society of Agricultural Engineers, Paper No. 85-
2043. 
Dillaha, T.A., R.B. Reneau, S. Mostaghimi, and D. Lee. 1989. 
Vegetative filter strips for agricultural nonpoint source 
pollution control. Transactions of the ASAE. 32(2): 513-
519. 
Environmental Protection Agency. 1976. Erosion and sediment 
control, surface mining in the eastern U.S., Vol I., 
Planning. EPA-625/3-760-006, U.S. Environmental 
Protection Agency, Washington, D.C. 
Ewing, L.K. 1989. CREAMS representation for hydrology and 
sedimentology of central Illinois. Transactions of the 
ASAE. 32(5): 1599-1604. 
Flanagan, D.C., W.H. Neibling, G.R. Foster, and J.P. Burt. 
1986. Applicability of CREAMS in filter strip design. 
American Society of Agricultural Engineers, Paper No. 86-
2043. 
Foster, G.R. 1979. Sediment yield from farm fields: The 
universal soil loss equation and onfarm 208 plan 
implementation. In: Peterson, A.E. and J.B. Swan, eds. 
Soil Loss Eguation: Past. Present. and Futur~. Soil' 
Science of America, special publication number 8. 
Foster, G.R. 1982. Modeling the erosion process. In: C.T. 
Haan, H.P. Johnson, and D.L. Brakensiek, eds. Hydrologic 
Modelling of Small Watersheds. ASAE Monograph No.5, 
American Society of Agricultural Engineers. st. Joseph, 
MI. 
Foster, G.R., L.J. Lane, J.D. Nowlin, J.M. Laflen, and R.A. 
Young. 1980. A model to estimate sediment yield from 
field-sized areas: development of model. In: Knisel, 
W.G., ed. CREAMS: A field-scale model for Chemicals, 
Runoff, and Erosion from Agricultural Management Systems. 
Vol I: Model Documentation. USDA Conservation Research 
Report No. 26, USDA-Science and Education Administration. 
73 
Foster, G.R. and L.D. Meyer. 1977. Soil erosion and 
sedimentation by water-an overview. Proceedings of the 
national symposium on soil erosion and sedimentation by 
water, December 12-13, Chicago, IL. 
Gianessi, L.P. 1985. The RFF national data base for nonpoint 
source policy assessments. EPA-440j5-85-001, U.S. 
Environmental Protection Agency, Office of water 
regulations and standards. Washington, D.C. 20460. 
Hayes, J.C., B.J. Barfield, and R.I. Barnhisel. 1984. 
Performance of grass filters under laboratory and field 
conditions. America society of Agricultural Engineers, 
Paper No. 79-2530. 
Hayes, J.C., and J.E. Hairston. 1983. Modeling the long-term 
effectiveness of vegetative filters as on-site sediment 
controls. American Society of Agricultural Engineers, 
Paper No. 83-2081. 
Heede, B.H. 1990. Vegetation strips control erosion in 
watersheds. USDA Forest Service Research Note RM-499. 
Heede, B.H. 1984. Overland flow and sediment delivery: an 
experiment with small subdrainages in southwestern 
ponderosa pine forests (Arizona). Journal of Hydrology. 
72:261-273. 
Isberg, G.C. 1980. The environmental imperative of land use 
planning. In: Jeske, W.E. ed. Economics, Ethics, Ecology: 
Roots of Productive Conservation. Soil Conservation 
Society of America, Ankeny, IA. 
Jamieson, C.A. and J.C. Clausen. 1988. Tests of the CREAMS 
model on agricultural fields in Vermont. Water Res. Bull. 
24(6): 1219-1226. 
Karr, J.R., and I.J. Schlosser. 1978. water resources at the 
land-water interface. Science. 201: 229-234. 
Knisel, W.G., ed. 1980. CREAMS: A field-scale model for 
chemicals, runoff, and erosion from agricultural 
management systems. USDA conservation Research Report No. 
26, USDA-ARS, Washington, D.C. 
74 
Knisel, W.G., Foster, G.R., and R.A. Leonard. 1983. CREAMS: 
A system for evaluating management practices. In: 
Schaller, E.W. and G.W. Bailey, eds. Agricultural 
management and water guality. Iowa State University 
Press, Ames, IA. 
Leonard, R.A. and W.G. Knisel. 1986. Selection and 
application of models for nonpoint source pollution and 
resource conservation. In: Giorgini, A. and F. Zingales, 
eds. Agricultural Nonpoint Source Pollution: Model 
Selection and Application. 
Leonard, R.A., W.G. Knisel, and D.A. Still. 1987. GLEAMS: 
Groundwater loading effects of agricultural management 
systems. Transactions of the ASAE. 30(5). 
Little, E.L. 1980. The Audubon Society Field Guide to North 
American Trees: Eastern Region. Knopf, New York. 783 pp. 
Lowrance, R.R., R.L. Todd, and L.E. Asmussen. 1984a. 
Nutrient cycling in an agricultural watershed: II. 
Streamflow and artificial drainage. J. Environ. Qual. 
13:1. . 
Lowrance, R.R., R.L. Todd, J. Fail, Jr., o. Hendrickson Jr., 
R.A. Leonard, and L.E. Asmussen. 1984. Riparian forests 
as filters in agricultural watersheds. BioScience. 34:6. 
Magette, W.L., R.B. Brinsfield, R.E Palmer, and J.D. Wood. 
1989. Nutrient and sediment removal by vegetated filter 
strips. Trans. ASAE. 32(2): 663-667. 
Marsalek, J. 1989. Modelling agricultural runoff: overview. 
In: Sediment and the Environment. proceedings of the 
Baltimore symposium, May 1989, Baltimore, MD. 
Morgan, R.P.C., and D.D.V. Morgan. 1982. predicting 
hillslope runoff and erosion in the united Kingdom: 
preliminary trials with the CREAMS model. In: 
Sveltosanov, V. and W.G. Knisel, eds. European and United 
states case studies in application of the CREAMS model. 
International Institute for Applied systems Analysis, 
Laxenburg, Austria. 
Mulkey, L.A., and J.W. Falco. 1977. Sedimentation and 
erosion control implications for water quality 
management. In: Proceedings of the national symposium on 
soil erosion and sedimentation by water, December 12-13, 
Chicago, IL. 
75 
Musgrave, G.W. 1955. How much of the rain enters the soil? 
In: USDA The Yearbook of Agriculture 1955. U.S. 
Department of Agriculture, Washington, D.C. 
Neibling, W.H. and E.E. Alberts. 1979. Composition and yield 
of soil particles transported through sod strips. 
American Society of Agricultural Engineers, Paper No. 
79-2065. 
Phillips, J.D. 1989. Nonpoint source pollution control 
effectiveness of riparian forests along a coastal plain 
river. J. Hydrol. 110: 221-237. 
Rawat, J.K., and J.C. Nautiyal. 1985. An application of a 
production function for juvenile hybrid poplar to 
intensive forest management. Forest Science. 31(1): 143-
156. 
Renard, K.G. 1989. Introduction to models. In: Beasely, 
D.B., W.G. Knisel, and A.P. Rice, eds. Proceedings of the 
CREAMS/GLEAMS symposium, September 27-29, Athens, GA. 
Schlosser, I.J. and J.R. Karr. 1981. Riparian vegetation and 
channel morphology impact on spatial patterns of water 
quality in agricultural watersheds. Environmental 
Management. 5(3). 
Steinblums, I.J., Froelich, H.A., and J.K. Lyons. 1984. 
Designing stable buffer strips for stream protection. 
Journal of Forestry. 82(1). 
u.S. Department of Agriculture, Soil Conservation Service. 
1984. User's guide for the CREAMS computer model: 
Washington Computer Center Version. USDA-SCS Eng. Div. 
Tech. Release 72. Washington, D.C. 
Williams, J.R., and W.V. LaSeur. 1976. Water yield model 
using SCS curve numbers. ASCE Journal of the Hydraulics 
Division. 102(9). 
Williams, R.D., and A.D. Nicks. 1988. Using CREAMS to 
simulate filter effectiveness in erosion control. Journal 
of Soil and Water Conservation. 43(1). 
wilson, L.G. 1967. Sediment removal from flood water by 
grass filtration. Trans. ASAE. 10: 35-37. 
76 
Wischmeier, W.H., and D.O. Smith. 1978. Predicting rainfall 
erosion losses. Agriculture Handbook No. 537, USDA-
Science and Education Administration. 
77 
ACKNOWLEDGEMENTS 
Major funding for the Risdal buffer strip project was 
provided by the Leopold Center for sustainable Agriculture 
and Iowa Department of Natural Resources/USEPA 319 funds for 
Nonpoint Source Pollution. Additional funds were provided 
by the Iowa Agriculture and Home Economics Experiment 
station and McIntire Stennis funds. 
Dr. Richard C. Schultz has been the consummate major 
professor. His guidance during the study and pleasant 
rapport are extraordinary qualities that will not soon be 
forgotten. His sense of self and perspective have made this 
endeavor most enjoyable. 
Drs. Carl W. Mize and Rameshwar S. Kanwar are thanked 
for their participation in the graduate committee. Their 
insight has been helpful throughout the progression of this 
study. 
Mr. Ronald Risdal is thanked for his generous 
contributions at the Risdal farm. His efforts in the 
interest of agroforestry applications toward a diversified 
landscape are appreciated. 
Loving appreciation is extended to the author's family, 
whose moral (and financial) support made this aspiration 
become a reality. 
78 
APPENDIX A. BUFRCALC PROGRAM SOURCE CODE 
TRONB 
CLS:KEY OFF 
LOCATE 0,5 
PRINT, : PRINT 
PRINT, : PRINT 
PRINT,: B U F RCA L C 
PRINT,:PRINT 
PRINT,:PRINT" 
PRINT,:PRINT" 
LOCATE 15,15:PRINT" A Buffer Strip design procedure." 
LOCATE 15,20:PRINT"Copyright Matthew F. Christian, 1991" 
LOCATE 22,21:PRINT"Iowa State University" 
DELAY 8000 
CLS:LOCATE 21,O:PRINT"****** B U F RCA L C ******U 
LOCATE 0,3:PRINT" The BUFRCALC program calculates widths of 
buffer strips necessary" 
PRINT II to obtain desired reductions in soil loss by water 
erosion. While the" 
DELAY 1000 
PRINT" results given involve complex equations describing 
detachment and deposition" 
PRINT" of soil partlicles, they are approximations and will 
vary considerably" 
DELAY 1000 
PRINT" according to rainfall intensity, water turbulence, 
and management objectives." 
DELAY 2000 
PRINT: PRINT 
PRINT " The procedure assumes and predicts soil losses from 
overland flow only." 
DELAY 1000 
PRINT " Concentrated flows that inundate the buffer strip 
cannot be accurately" 
DELAY 1000 
PRINT " accounted for in the BUFRCALC program: These 
channel flows are best managed" 
DELAY 1000 
PRINT " with grassed waterways or terraces that reduce 
transport capacity up-gradient" 
PRINT: PRINT 
DELAY 2000 
PRINT" The data used as input for BUFRCALC are primarily 
from the CREAMS model" 
DELAY 1000 
PRINT" Erosion/Sediment Yield output. Unless reliable 
values are available from" 
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DELAY 1000 
PRINT" soil laboratory analyses, the CREAMS subprograms 
Hydrology, and Erosion-" 
DELAY 1000 
PRINT" Sediment yield must be run first." 
LOCATE 14,22: INPUT" **** Strike ENTER key to continue 
****"~ZZ$ 
, 
"PARTICLES" 
CLS:PRINT,:PRINT"Particle Fractions Screen" 
PRINT:PRINT" Enter the fractions of sediment particles 
entering the buffer strip." 
PRINT 
PRINT" These values can be obtained from the CREAMS 
Erosion/Sediment Yield" 
PRINT" sub-model and are listed in the 'VALUES FROM OVERLAND 
FLOW' table," 
PRINT" under the heading 'THE QUANTITY OF ERODED SEDIMENT IN 
RUNOFF' ." 
PRINT:PRINT" To exit the program at any time, enter -1." 
LOCATE 0,10 
PRINT " Enter the fraction of PRIMARY CLAY in the sediment 
the buffer" entering 
PRINT " strip 
PRINT 
(e.g. 0.15)" 
X1=1 
INPUT 
WHILE 
INPUT 
WEND 
" CLAY particle fraction = ";X1 
X1>=1 
" ERROR! Must be decimally expressed (e.g. 0.10) =";X1 
IF X1=-1 GOSUB "EXIT" 
LOCATE O,lO:CLSPAGE 
PRINT" Enter the fraction of PRIMARY SILT in the sediment 
entering the buffer" 
PRINT" strip. (e.g. 0.15)" 
PRINT 
X2=1 
INPUT 
WHILE 
INPUT 
WEND 
" SILT particle fraction = "~X2 
X2>=1 
II ERROR! Must be decimally expressed (e.g. 0.10) ="~X2 
IF X2=-1 GOSUB "EXIT" 
LOCATE O,10:CLSPAGE 
PRINT" Enter the fraction of SMALL AGGREGATES in the 
sediment entering" 
PRINT" the buffer strip. (e.g. 0.20)" 
PRINT 
X3=1 
INPUT" SMALL AGGREGATE particle fraction = "~X3 
80 
WHILE X3>=1 
INPUT" ERROR! Must be decimally expressed (e.g. 0.10) =";X3 
WEND 
IF X3=-1 GOSUB "EXIT" 
LOCATE O,lO:CLSPAGE 
PRINT" Enter the fraction of LARGE AGGREGATES in the 
sediment entering" 
PRINT" the buffer strip. (e.g. 0.20)" 
PRINT 
X4=1 
INPUT" LARGE AGGREGATE particle fraction = ";X4 
WHILE X4>=1 
INPUT" ERROR! Must be decimally expressed (e.g. 0.10) =";X4 
WEND 
IF X4=-1 GOSUB "EXIT" 
LOCATE O,lO:CLSPAGE 
PRINT" Enter the fraction of SAND in the sediment entering 
the buffer" 
PRINT" strip (e.g. 0.15)" 
PRINT 
X5=1 
INPUT" SAND particle fraction = "iX5 
WHILE X5>=1 
INPUT It ERROR! Must be decimally expressed (e.g. 0.10) =";X5 
WEND 
IF X5=-1 GOSUB "EXIT" 
DELAY 1000:CLS 
I 
CLS:LOCATE 0,3 
PRINT," You just entered the following values:" 
PRINT 
PRINT " Particle fraction for clay = "; Xl 
PRINT " Particle fraction for silt = "; X2 
PRINT " Particle fraction for sm. agg. = ";X3 
PRINT " Particle fraction for 19. agg. = ";X4 
PRINT " Particle fraction for sand = "iX5 
LOCATE 0,12 
INPUT" Would you like to make any corrections (yin) ? ";ZZ$ 
GOSUB "YES OR NO" 
IF ZZ$=nyn GOSUB "CORRECTIONS" ELSE GOTO "VELOCITIES" 
I 
"CORRECTIONS" 
LOCATE 0,12:CLS PAGE 
INPUT" Would you like to change the clay fraction (yin) ? 
"iZZ$ 
GOSUB "YES OR NO" 
LONGIF ZZ$=ny" 
Xl=! 
INPUT" Enter new value: niX! 
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WHILE Xl>1 
INPUT" ERROR! Must be decimally expressed (e.g. 0.13) = 
";X1 
WEND 
IF Xl=-1 GOSUB "EXIT" 
ENDIF 
INPUT" Would you like to change the silt fraction (Yin) 
?";ZZ$ 
GOSUB "YES OR NO" 
LONGIF ZZ$="ylt 
X2=1 
INPUT" Enter new value: ";X2 
WHILE X2>l 
INPUT" ERROR! Must be decimally expressed (e.g. 0.06) = 
";X2 
WEND 
IF X2=-1 GOSUB "EXITIt 
ENDIF 
INPUT " Would you like to change the small aggregate 
fraction (yin) ? ";ZZ$ 
GOSUB "YES OR NOli 
LONGIF ZZ$="Y" 
X3=1 
INPUT" Enter new value: ";X3 
WHILE X3>1 
INPUT" ERROR! Must be decimally expressed (e.g. 0.14) = 
n; X3 
WEND 
IF X3=-1 GOSUB "EXIT" 
ENDIF 
INPUT " Would you like to change the large aggregate 
fraction (yin) ? ";ZZ$ 
GOSUB "YES OR NO" 
LONGIF ZZ$="Y" 
X4=1 
INPUT If Enter new value: ";X4 
WHILE X4>1 
INPUT" ERROR! Must be decimally expressed (e.g. 0.13) = 
niX4 
WEND 
IF X4=-1 GOSUB "EXIT" 
ENDIF 
INPUT II Would you like to change the sand fraction (yjn) 
?";ZZ$ 
GOSUB "YES OR NO" 
LONGIF ZZ$="Y" 
X5=1 
INPUT II Enter new value: "iX5 
WHILE X5>1 
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INPUT" ERROR! Must be decimally expressed (e.g. 0.12) = 
"iX5 
WEND 
IF X5=-1 GOSUB "EXIT" 
ENDIF 
, 
CLS:LOCATE 0,3 
PRINT," You just entered the following values:" 
PRINT" Particle fraction for clay = "iX1 
PRINT" Particle fraction for silt = "iX2 
PRINT It Particle fraction for sm. agg. = niX3 
PRINT" Particle fraction for 19. agg. = "iX4 
PRINT" Particle fraction for sand = "iX5 
LOCATE 0,12 
INPUT" Would you like to make further corrections (y/n) 
?"iZZ$ 
GOSUB "YES OR NO" 
IF ZZ$="Y" THEN CLSPAGE:GOTO "CORRECTIONS" 
, 
"VELOCITIESII 
CLS:LOCATE 0,3 
PRINT,:PRINT"Particle Fall Velocities Screen" 
LOCATE 0,5: 
PRINT " Enter the respective particle fall velocities for 
each particle type inll 
PRINT" in units of feet/second." 
PRINT:PRINT" These values are obtained from the CREAMS 
Erosion/Sediment Yield sub-model" 
PRINT " and are listed in the 'Particle Specifications' 
Table." 
PRINT:PRINT" To exit the program, enter -1." 
LOCATE 0,13: INPUT" Fall Velocity for CLAY = ";Y1 
IF Y1=-1 GOSUB "EXIT" 
PRINT:INPUT" Fall Velocity for SILT = ";Y2 
IF Y2=-1 GOSUB "EXIT" 
PRINT:INPUT" Fall Velocity for SMALL AGGREGATES = ";Y3 
IF Y3=-1 GOSUB "EXIT" 
PRINT:INPUT" Fall Velocity for LARGE AGGREGATES = "iY4 
IF Y4=-1 GOSUB "EXIT" 
PRINT:INPUT" Fall Velocity for SAND = n;Y5 
IF Y5=-1 GOSUB "EXIT" 
DELAY 1000 
INPUT" Would you like to make any corrections (y/n) ?"iZZ$ 
GOSUB "YES OR NO" 
LONGIF ZZ$="Y" 
, 
"TYPOS" 
LOCATE 0,19:CLS PAGE 
INPUT " Would you like to change the clay fall velocity 
(y/n) ? ";ZZ$ 
GOSUB "YES OR NO" 
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IF ZZ$="Y" THEN INPUT" Enter new value (feet/second): ";Y1 
PRINT 
INPUT .. Would you like to change the silt fall velocity 
(y/n) ? ";ZZ$ 
GOSUB "YES OR NO" 
IF ZZ$="yn THEN INPUT II Enter new value (feet/second): "iY2 
INPUT " Would you like to change the small aggregate fall 
velocity (y/n) ? ":ZZ$ 
GOSUB "YES OR NO" 
IF ZZ$="Y" THEN INPUT" Enter new value (feet/second): "iY3 
INPUT " Would you like to change the large aggregate fall 
velocity (y/n) ? ":ZZ$ 
GOSUB IIYES OR NO" 
IF ZZ$=ny" THEN INPUT" Enter new value (feet/second): ";Y4 
INPUT " Would you like to change the sand fall velocity 
(y/n) ? ";ZZ$ 
GOSUB "YES OR NO" 
IF ZZ$="yn THEN INPUT" Enter new value (feet/second): "iY5 
I 
CLS:LOCATE 0,3 
PRINT," You just entered the following values:" 
PRINT" Fall velocity for clay = lIiY1 
PRINT" Fall velocity for silt = n;Y2 
PRINT" Fall velocity for sm. agg. = ";Y3 
PRINT" Fall velocity for 19. agg. = n;Y4 
PRINT" Fall velocity for sand = ";Y5 
LOCATE 0,12 
INPUT" Would you like to make further corrections (y/n) 
?n;ZZ$ 
GOSUB "YES OR NO" 
IF ZZ$="Y" THEN GOTO "TYPOS" 
ENDIF 
I 
CLS:PRINT,:PRINT "Field Dimensions Screen" 
LOCATE O,5:PRINT" Enter the total field slope length and the 
corresponding" 
PRINT" amount of the field under cUltivation used in CREAMS 
PRINT" erosion/sediment yield parameter definition." 
PRINT:PRINT" To exit the program enter -1." 
PRINT: PRINT 
INPUT" TOTAL FIELD SLOPE LENGTH (feet) = ";T 
IF T=-l GOSUB "EXIT" 
PRINT:PRINT:INPUT " CULTIVATED SOIL LENGTH (feet) = "iC 
IF C=-l GOSUB "EXIT" 
Z=C/T 
A==548640 
I 
CLS:LOCATE 0,5 
PRINT, : PRINT 
PRINT, : PRINT 
PRINT, : 
PRINT, : PRINT 
PRINT,:PRINT" 
PRINT,:PRINT" 
PRINT: PRINT 
, 
GOSUB "CALC" 
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BUFRCALC 
PRINT "ZBUFR estimates the following reductions in sediment 
delivery:" 
PRINT:PRINT "Based on a total slope length of "iTi "feet," 
PRINT "and a buffer strip of ";TBSi"feet" 
PRINT:PRINT"The sediment delivery ratio estimate = ";SUMSDR 
EST1=SUMSDR 
Z=1-«TBS+5)/T) 
GOSUB "CALC" 
EST2=SUMSDR 
PRINT:PRINT "If you increased the buffer strip width to 
"TBS+5 "feet" 
PRINT "the sediment delivery ratio estimate = "iEST2 
IF EST1-EST2<0.025 THEN GOTO "FINALII 
Z=1-«TBS+10)/T) 
GOSUB "CALC" 
EST3=SUMSDR 
PRINT:PRINT "If you increased the buffer strip width to 
"TBS+10 "feet" 
PRINT lithe sediment delivery ratio estimate = ";EST3 
IF EST2-EST3<O.025 THEN GOTO "FINAL" 
Z=1-«TBS+15)/T) 
GOSUB "CALC" 
EST4=SUMSDR 
PRINT:PRINT "If you increased the buffer strip width to 
"TBS+15 "feet" 
PRINT "the sediment delivery ratio estimate = "iEST4 
IF EST3-EST4<O.025 THEN GOTO "FINAL" 
Z=1-«TBS+20)/T) 
GOSUB "CALC" 
EST5=SUMSDR 
PRINT:PRINT "If you increased the buffer strip width to 
"TBS+20 "feet" 
PRINT "the sediment delivery ratio estimate = ";EST5 
IF EST4-EST5<O.025 THEN GOTO "FINAL" 
Z=1-«TBS+25)/T) 
GOSUB "CALC" 
EST5=SUMSDR 
PRINT:PRINT "If you increased the buffer strip width to 
"TBS+25 "feet" 
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PRINT "the sediment delivery ratio estimate = n;EST6 
IF EST5-EST6<0.025 THEN GOTO "FINAL" 
Z=1-«TBS+30)/T) 
GOSUB "CALC" 
EST5=SUMSDR 
PRINT:PRINT "If you increased the buffer strip width to 
"TBS+30 "feet" 
PRINT "the sediment delivery ratio estimate = u;EST7 
IF EST6-EST7<0.025 THEN GOTO "FINAL" 
, 
"CALC" 
TBS=T-C 
P1=(Y1*A)/51 
P2=(Y2*A)/51 
P3=(Y3*A)/51 
P4=(Y4*A)/51 
P5=(Y5*A)/51 
SDR1=(X1*Z)"Pl 
SDR2=(X2*Z)"P2 
SDR3=(X3*Z)"P3 
SDR4=(X4*Z)"P4 
SDR5=(X5*Z)"P5 
SUMSDR=SDR1+SDR2+SDR3+SDR4+SDR5 
RETURN 
, 
"YES OR NO" 
ZZ$=UCASE$(ZZ$) 
IF ZZ$="Y" OR ZZ$="N" THEN RETURN 
PRINT: INPUT II Enter a Y or N : ";ZZ$ 
GOTO "YES OR NO" 
, 
"FINAL" 
PRINT "ZBUFR did not find a significant (>0.025) reduction" 
PRINT "in sediment delivery by further increases in the 
buffer" 
PRINT "strip width" 
PRINT:INPUT "Would you like to rerun the program (y/n) ? 
";ZZ$ 
GOSUB "YES OR NO" 
IF ZZ$="Y" THEN GOTO "PARTICLES" 
, 
"EXIT" 
CLS:LOCATE 22,3 
PRINT "Vou have chosen to exit." 
LOCATE 20,10 
PRINT "Thank you for using BUFRCALC!" 
LOCATE 0,22 
END 
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APPENDIX B. SAMPLE OUTPUT FROM CREAMS HYDROLOGY 
C REA M S HYDROLOGY OPTION ONE 
(DAILY PRECIPITATION VALUES) 
VERSION 1.8/PC MAY 1, 1985 
Webster Clay loam Slope = 6% 1983-1989 (7 years) 
filename 8389hyd6.par 
MONTHLY MEAN TEMPERATURES, DEGREES FAHRENHEIT 
21.24 25.25 35.98 50.54 65.05 75.61 
79.39 75.38 64.66 50.09 35.58 25.02 
MONTHLY MEAN RADIATION, LANGLEYS PER DAY 
166.51 228.58 321.49 420.34 498.65 535.43 
520.82 458.75 365.84 266.99 188.68 151.91 
NO. DAYS OF FROZEN SOIL DURING SNOWMELT = 13 
LEAF AREA INDEX TABLE 
IRFLG. DATE LAI 
------
0 1 .00 
0 132 .00 
0 148 ~09 
0 165 .19 
0 182 .23 
0 199 .49 
0 216 1.16 
0 232 2.97 
0 249 3.00 
0 266 2.72 
0 283 1.83 
0 300 .00 
0 366 .00 
.240 
.120 
87 
WINTER C FACTOR = .90 
LAI-DAYS = 213.45 
FIELD AREA = 
ROOTING DEPTH = 
SATURATED CONDUCTIVITY = 
FUL = 
FIELD CAPACITY = 
INITIAL STORAGE FRACTION = 
INITIAL ABSTRACTION = 
EVAPORATION COEFFICIENT = 
POROSITY = 
SCS CURVE NUMBER = 
CHANNEL SLOPE = 
WATERSHED LEN/WIDTH RATIO = 
PEAK FLOW RATE COEFFICIENT = 
PEAK FLOW RATE EXPONENT = 
UPPER LIMIT OF STORAGE = 
IMMOBILE SOIL WATER CONTENT = 
INITIAL SOIL WATER STORAGE = 
FRAC. P.A.W. TO BEGIN IRR. = 
FRAC. P.A.W. TO END IRR. = 
6.300 
48.000 
.150 
.720 
.350 
.500 
.200 
4.000 
.400 
76.000 
.060 
3.500 
15.564 
.850 
8.640 
.220 
4.320 
.000 
.000 
UPPER LIMIT OF STORAGES 
1.200 1.440 1.440 1.440 
INITIAL STORAGE 
.600 .720 .720 .720 
ANNUAL TOTALS FOR 1983 
PRECIPITATION = 45.310 
PREDICTED RUNOFF = 4.626 
DEEP PERCOLATION = 6.991 
TOTAL ET = 32.887 
BEGIN SOIL WATER = 4.320 
FINAL SOIL WATER = 5.126 
IRRIGATION APPLIED= .000 
WATER BUDGET BAL. = .000 
ANNUAL TOTALS FOR 1984 
PRECIPITATION = 35.790 
PREDICTED RUNOFF = 3.494 
DEEP PERCOLATION = 5.972 
TOTAL ET = 29.361 
BEGIN SOIL WATER = 5.126 
FINAL SOIL WATER = 2.089 
IRRIGATION APPLIED= .000 
WATER BUDGET BAL. = .000 
ACRES 
IN 
IN/HR 
IN/IN 
CC/CC 
IN 
IN/IN 
IN 
1.440 
.720 
1.440 
.720 
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ANNUAL TOTALS FOR 
PRECIPITATION = 
PREDICTED RUNOFF = 
DEEP PERCOLATION = 
TOTAL ET = 
BEGIN SOIL WATER = 
FINAL SOIL WATER = 
IRRIGATION APPLIED= 
WATER BUDGET BAL. = 
ANNUAL TOTALS FOR 
PRECIPITATION = 
PREDICTED RUNOFF = 
DEEP PERCOLATION = 
TOTAL ET = 
BEGIN SOIL WATER = 
FINAL SOIL WATER = 
IRRIGATION APPLIED= 
WATER BUDGET BAL. = 
ANNUAL TOTALS FOR 
PRECIPITATION = 
PREDICTED RUNOFF = 
DEEP PERCOLATION = 
TOTAL ET = 
BEGIN SOIL WATER = 
FINAL SOIL WATER = 
IRRIGATION APPLIED= 
WATER BUDGET BAL. = 
ANNUAL TOTALS FOR 
PRECIPITATION = 
PREDICTED RUNOFF = 
DEEP PERCOLATION = 
TOTAL ET = 
BEGIN SOIL WATER = 
FInAL SOIL WATER = 
IRRIGATIOn APPLIED= 
WATER BUDGET BAL. = 
1985 
25.960 
1.733 
.000 
24.245 
2.089 
2.071 
.000 
.000 
1986 
43.420 
3.727 
2.473 
34.273 
2.071 
5.018 
.000 
.000 
1987 
34.420 
4.301 
5.384 
28.955 
5.018 
.798 
.000 
.000 
1988 
23.740 
2.396 
.000 
22.142 
.798 
.000 
.000 
.000 
.000 
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ANNUAL TOTALS FOR 
PRECIPITATION = 
PREDICTED RUNOFF = 
DEEP PERCOLATION = 
TOTAL ET = 
BEGIN SOIL WATER = 
FINAL SOIL WATER = 
IRRIGATION APPLIED= 
WATER BUDGET BAL. = 
1989 
23.840 
1.230 
.000 
22.524 
.000 
.086 
.000 
.000 
AVERAGE ANNUAL VALUES 
PRECIPITATION = 33.211 
PREDICTED RUNOFF = 3.073 
DEEP PERCOLATION = 2.974 
TOTAL ET = 27.769 
AVG. AVAL. STORAGE = 5.219 IN 
FINAL AVAL. STORAGE = 8.554 IN 
FINAL STORAGE FOR EACH FRACTION 
.000 .086 .000 .000 .000 
MINIMUM TOTAL STORAGE WAS 
MAXIMUM TOTAL STORAGE WAS 
.000 ON 88362 
6.221 ON 84099 
.000 
1 C REA M S HYDROLOGY SUMMARY 
Webster Clay loam 
Slope = 6% 
1983-1989 (7 years) 
filename 8389hyd6.par 
VERSION 1.8/PC MAY 1, 1985 
****************************** 
SNOW NOTICE 
****************************** 
DUE TO BELOW FREEZING TEMPERATURES, THIS RUN INCLUDED SNOW. 
THE RAINFALL REGIMEN WAS CHANGED DUE TO PACK AND THAW. 
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1983 
MONTH RAIN RUNOFF ET PERC AVG SW IRRIG 
----- ------ ------ ------ ------ ------ ------
JAN .000 .000 .906 .000 3.851 .000 
FEB .000 .000 .448 .000 3.160 .000 
MAR 5.310 1.658 2.009 .000 3.725 .000 
APR 3.150 .046 2.506 .000 5.172 .000 
MAY 6.210 .430 3.745 1.630 5.895 .000 
JUN 9.120 1.846 3.380 3.494 5.722 .000 
JUL 3.830 .159 3.812 .719 5.286 .000 
AUG 4.200 .050 5.926 .000 2.976 .000 
SEP 3.180 .000 4.848 .000 2.271 .000 
OCT 6.250 .096 3.010 .000 3.590 .000 
NOV 4.060 .340 1.480 1.147 5.728 .000 
DEC .000 .000 .818 .000 5.458 .000 
TOT 45.310 4.626 32.887 6.991 4.403 .000 
1984 
MONTH RAIN RUNOFF ET PERC AVG SW IRRIG 
----- ------ ------ ------ ------ ------ ------
JAN .000 .000 .393 .000 4.910 .000 
FEB .000 .000 .274 .000 4.587 .000 
MAR 4.190 1.646 1.597 .000 5.103 .000 
APR 6.830 .383 3.515 2.117 6.005 .000 
MAY 5.060 .602 3.260 1.592 5.813 .000 
JUN 6.580 .814 3.910 2.262 5.806 .000 
JUL 3.400 .000 4.496 .000 5.034 .000 
AUG .310 .000 4.410 .000 1.894 .000 
SEP 3.990 .000 2.987 .000 .918 .000 
OCT 3.630 .000 2.627 .000 1.651 .000 
NOV 1.800 .049 1.386 .000 2.985 .000 
DEC .000 .000 .506 .000 2.306 .000 
TOT 35.790 3.494 29.361 5.972 3.918 .000 
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1985 
MONTH RAIN RUNOFF ET PERC AVG SW IRRIG 
----- ------ ------ ------ ------ ------ ------
JAN .000 .000 .327 .000 1.912 .000 
FEB .000 .000 .238 .000 1.635 .000 
MAR 5.520 1.499 1.998 .000 2.403 .000 
APR 1.220 .000 1.762 .000 3.049 .000 
MAY 1.270 .000 1.565 .000 2.899 .000 
JUN 3.390 .037 2.834 .000 2.919 .000 
JUL 1.400 .000 2.961 .000 2.423 .000 
AUG 5.080 .122 4.912 .000 1.297 .000 
SEP 4.030 .000 3.130 .000 .990 .000 
OCT 3.430 .074 2.938 .000 2.673 .000 
NOV .620 .000 1.147 .000 2.794 .000 
DEC .000 .000 .434 .000 2.263 .000 
TOT 25.960 1.733 24.245 .000 2.271 .000 
1986 
MONTH RAIN RUNOFF ET PERC AVG SW IRRIG 
----- ------ ------ ------ ------ ------ ------
JAN .000 .000 .306 .000 1.907 .000 
FEB .000 .000 .228 .000 1.644 .000 
MAR 4.530 2.077 1.355 .000 2.281 .000 
APR 5.200 .023 3.064 .000 4.049 .000 
MAY 5.450 .137 4.084 .251 5.499 .000 
JUN 6.510 .719 3.875 1.422 5.763 .000 
JUL 5.470 .160 5.020 .728 5.744 .000 
AUG 3.590 .114 6.485 .000 4.595 .000 
SEP 6.900 .175 4.849 .000 2.922 .000 
OCT 4.550 .323 2.967 .072 5.264 .000 
NOV 1.220 .000 1.409 .000 5.814 .000 
DEC .000 .000 .631 .000 5.269 .000 
TOT 43.420 3.727 34.273 2.473 4.229 .000 
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1987 
MONTH RAIN RUNOFF ET PERC AVG SW IRRIG 
----- ------ ------ ------ ------ ------ -----
JAN .000 .000 .350 .000 4.828 .000 
FEB .000 .000 .248 .000 4.535 .000 
MAR 3.520 1.005 1.365 .000 4.936 .000 
APR 2.170 .220 1.691 .344 5.594 .000 
MAY 3.620 .000 2.464 .481 5.629 .000 
JUN 3.030 .051 3.051 .251 5.679 .000 
JUL 4.780 .623 4.219 1.353 5.486 .000 
AUG 12.600 2.401 6.218 2.956 5.378 .000 
SEP 2.070 .000 4.849 .000 3.923 .000 
OCT 1.130 .000 2.568 .000 1.643 .000 
NOV 1.500 .000 1.267 .000 1.514 .000 
DEC .000 .000 .666 .000 1.060 .000 
TOT 34.420 4.301 28.955 5.384 4.184 .000 
1988 
MONTH RAIN RUNOFF ET PERC AVG SW IRRIG 
----- ------ ------ ------ ------ ------ -----
JAN .000 .000 .356 .000 .604 .000 
FEB .000 .000 .259 .000 .304 .000 
MAR 3.610 .880 1.626 .000 .864 .000 
APR 1.720 .000 1.759 .000 1.367 .000 
MAY 1.750 .000 1.797 .000 1.321 .000 
JUN 2.090 .000 2.325 .000 1.229 .000 
JUL 3.390 .042 3.206 .000 1.295 .000 
AUG 6.070 1.475 3.297 .000 1.303 .000 
SEP 3.290 .000 4.006 .000 1.354 .000 
OCT .270 .000 1.816 .000 .584 .000 
NOV 1.550 .000 1.110 .000 .571 .000 
DEC .000 .000 .583 .000 .201 .000 
TOT 23.740 2.396 22.142 .000 .916 .000 
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1989 
MONTH RAIN RUNOFF ET PERC AVG SW IRRIG 
----- ------ ------ ------ ------ ------ ------
JAN .000 .000 .000 .000 .000 .000 
FEB .000 .000 .000 .000 .000 .000 
MAR 3.300 .877 1.383 .000 .649 .000 
APR 2.580 .000 1.760 .000 1.230 .000 
MAY 4.160 .283 2.859 .000 2.001 .000 
JUN 3.490 .000 3.259 .000 2.817 .000 
JUL 2.430 .070 3.221 .000 2.733 .000 
AUG 1.730 .000 3.578 .000 .931 .000 
SEP 3.200 .000 3.377 .000 1.042 .000 
OCT 2.900 .000 1.605 .000 .372 .000 
NOV .050 .000 1.077 .000 .866 .000 
DEC .000 .000 .405 .000 .267 .000 
TOT 23.840 1.230 22.524 .000 1.076 .000 
ANNUAL AVERAGES 
---------------
MONTH RAIN RUNOFF ET PERC AVG SW IRRIG 
----- ------ ------ ------ ------ ------ ------
JAN .000 .000 .377 .000 2.573 .000 
FEB .000 .000 .242 .000 2.267 .000 
MAR 4.283 1.377 1.619 .000 2.852 .000 
APR 3.267 .096 2.294 .352 3.781 .000 
MAY 3.931 .207 2.825 .565 4.151 .000 
JUN 4.887 .495 3.233 1.061 4.276 .000 
JUL 3.529 .151 3.848 .400 4.000 .000 
AUG 4.797 .595 4.975 .422 2.625 .000 
SEP 3.809 .025 4.006 .000 1.917 .000 
OCT 3.166 .070 2.504 .010 2.254 .000 
NOV 1.543 .056 1.268 .164 2.896 .000 
DEC .000 .000 .578 .000 2.404 .000 
TOT 33.211 3.073 27.769 2.974 3.000 .000 
****************************** 
SNOW NOTICE 
****************************** 
DUE TO BELOW FREEZING TEMPERATURES, THIS RUN INCLUDED SNOW. 
THE RAINFALL REGIMEN WAS CHANGED DUE TO PACK AND THAW. 
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APPENDIX c. SAMPLE OUTPUT FROM CREAMS EROSION/SEDIMENT YIELD 
1 C REA M S NONPOINT SOURCE POLLUTION MODEL 
(EROSION/SEDIMENT YIELD) 
VERSION 1.B/PC MAY 1, 1985 
CARD 1: 
Clarion Loam, overland channel, 70 ft. buffer strip, simple 
uniform 7% slope 
CARD 2: 
continuous corn. Chisel, shallow disk or field cUltivation 
as only tillage 
CARD 3: 
operation. 1965-1989 (25 years). 
CARD 4: 
65 89 
o 
CARD 5: 
.000 .000 
CARD 6: 
.200 .350 
1000.000 
CARD 8: 
6.300 350.000 
.000 350.000 
CARD 9: 
o 
.000 
.450 
.070 
.000 
1 1.000 .287 
CARD 10: 
o o 
.000 .000 
.030 800.000 
.070 .070 
1 3 2 2 
CARD 11: 
3 o 
.000 
4.000 .050 
.070 350.000 
5.000 .030 .070 .000 .000 .000 
CARD 12: 
250.000 6.300 1.500 20.000 
CARD 13: 
250.000 .070 
CARD 16: 
1 
CARD 17: 
1 131 132 148 165 216 232 300 
314 366 
CARD 18: 
2 .800 1.000 
CARD 19: 
.210 .250 .250 .200 .180 .160 .130 .210 
.210 .210 
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CARD 20: 
.800 .800 .800 .800 .800 .800 .800 .800 
.800 .800 
CARD 21: 
.033 .020 .020 .023 .025 .030 .033 .030 
.030 .030 
CARD 19: 
.030 .030 .030 .030 .030 .030 .030 .030 
.030 .030 
CARD 20: 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 
CARD 21: 
.200 .200 .200 .200 .200 .200 .200 .200 
.200 .200 
CARD 22: 
2 .800 1.000 
CARD 23: 
.030 .030 .030 .033 .033 .035 .035 .035 
.035 .035 
CARD 24: 
.200 .050 .100 .300 .400 .500 .600 .600 
.600 .600 
CARD 25: 
.750 .750 .750 .750 .750 .750 .750 .750 
.750 .750 
CARD 26: 
.330 .330 .330 .330 .330 .330 .330 .330 
.330 .330 
CARD 27: 
5.000 5.000 5.000 5.000 5.000 5.000 5.000 
5.000 5.000 5.000 
CARD 23: 
.100 .100 .100 .100 .100 .100 .100 .100 
.100 .100 
CARD 24: 
.600 .600 .600 .600 .600 .600 .600 .600 
.600 .600 
CARD 25: 
.750 .750 .750 .750 .750 .750 .750 .750 
.750 .750 
CARD 26: 
.330 .330 .330 .330 .330 .330 .330 .330 
.330 .330 
CARD 27: 
3.000 3.000 3.000 3.000 3.000 3.000 3.000 
3.000 3.000 3.000 
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1 C REA M S NONPOINT SOURCE POLLUTION MODEL 
(EROSION/SEDIMENT YIELD) 
VERSION 1.8/PC MAY 1, 1985 
Clarion Loam, overland channel, 70 ft. buffer strip, simple 
uniform 7% slope 
continuous corn. Chisel, shallow disk or field cUltivation 
as only tillage 
operation. 1965-1989 (25 years). 
TYPE 
NO. 
1 
2 
3 
4 
5 
PARTICLE SPECIFICATIONS 
-----------------------
DIA. EQSAND DIA. FALL VEL. SPGRAV. FRAC. IN 
MM MM FT/SEC GM/CM**3 DETACH. SED. 
----- ------ ---------- ------ -------
.002 
.010 
.030 
.400 
.200 
.002 .102E-04 2.60 
.010 .263E-03 2.65 
.020 .125E-02 1.80 
.223 .883E-01 1.60 
.201 .759E-01 2.65 
OVERLAND FLOW TOPOGRAPHY 
OVERLAND AREA 
SLOPE LENGTH 
AVERAGE SLOPE 
SLOPE OF UPPER END 
SLOPE OF MID SECTION 
SLOPE OF LOWER END 
6.3000 ACRES 
350.00 FT 
.0700 
.0700 
.0700 
.0700 
THE SLOPE IS UNIFORM THROUGHOUT 
.04 
.05 
.36 
.30 
.26 
SLOPE STEEPNESS ALONG THE OVERLAND FLOW PROFILE 
-----------------------------------------------
DISTANCE DISTANCE SLOPE 
FEET NONDIM. 
-------- -------- --------
.0 .000 .070 
280.0 .800 .070 
350.0 1.000 .070 
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SOIL ERODIBILITY ALONG THE OVERLAND FLOW PROFILE 
DISTANCE 
FEET 
350.0 
DISTANCE 
NONDIM. 
1.000 
SOIL 
EROD 
.287 
CHANNEL 1 CHARACTERISTICS 
CHANNEL LENGTH 
DRAINAGE AREA UPPER END 
EFFCT. LENGTH UPPER END 
DRAINAGE AREA LOWER END 
EFFCT. LENGTH LOWER END 
250.00 FT 
1.5000 ACRES 
78.13 FT 
6.3000 ACRES 
328.13 FT 
A NATURALLY ERODED CHANNEL 
SIDE SLOPE = 20.00 
ENERGY GRADELINE 
SLOPE OF ENERGY GRADELINE = SLOPE OF CHANNEL 
SLOPE STEEPNESS ALONG CHANNEL 1 
DISTANCE DISTANCE SLOPE 
FEET NONDIM. 
-------- -------- --------
78.1 .238 .070 
98.4 .300 .070 
131.3 .400 .070 
164.1 .500 .070 
196.9 .600 .070 
229.7 .700 .070 
262.5 .800 .070 
278.1 .848 .070 
295.3 .900 .070 
328.1 1.000 .070 
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yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 
ANNUAL SUMMARY FOR 1983 
89 STORMS PRODUCED 
28 STORMS PRODUCED 
49.89 IN. OF RAINFALL 
4.34 IN. OF RUNOFF 
VALUES FROM OVERLAND FLOW 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
.27 TONS/ACRE 
3.371 
VALUES FROM CHANNEL ONE 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
2.56 TONS/ACRE 
1.322 
yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 
ANNUAL SUMMARY FOR 1984 
93 STORMS PRODUCED 
17 STORMS PRODUCED 
35.79 IN. OF RAINFALL 
3.60 IN. OF RUNOFF 
VALUES FROM OVERLAND FLOW 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
.25 TONS/ACRE 
2.993 
VALUES FROM CHANNEL ONE 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
3.22 TONS/ACRE 
1.155 
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yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 
ANNUAL SUMMARY FOR 1985 
92 STORMS PRODUCED 
15 STORMS PRODUCED 
25.96 IN. OF RAINFALL 
2.19 IN. OF RUNOFF 
VALUES FROM OVERLAND FLOW 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
.07 TONS/ACRE 
3.577 
VALUES FROM CHANNEL ONE 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
2.05 TONS/ACRE 
1.248 
yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 
ANNUAL SUMMARY FOR 1986 
100 STORMS PRODUCED 
17 STORMS PRODUCED 
43.42 IN. OF RAINFALL 
3.77 IN. OF RUNOFF 
VALUES FROM OVERLAND FLOW 
ANNUAL SOIL LOSS 
ENRICHl1ENT RATIO 
.21 TONS/ACRE 
3.227 
VALUES FROM CHANNEL ONE 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
2.10 TONS/ACRE 
1.421 
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yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 
ANNUAL SUMMARY FOR 1987 
82 STORMS PRODUCED 
18 STOru~S PRODUCED 
34.42 IN. OF RAINFALL 
3.12 IN. OF RUNOFF 
VALUES FROM OVERLAND FLOW 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
.20 TONS/ACRE 
3.129 
VALUES FROM CHANNEL ONE 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
2.06 TONS/ACRE 
1.219 
yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 
ANNUAL SUMMARY FOR 1988 
58 STORMS PRODUCED 
12 STORMS PRODUCED 
23.74 IN. OF RAINFALL 
3.13 IN. OF RUNOFF 
VALUES FROM OVERLAND FLOW 
-------------------------
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
.35 TONS/ACRE 
2.373 
VALUES FROM CHANNEL ONE 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
3.89 TONS/ACRE 
1.128 
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ANNUAL SUMMARY FOR 1989 
61 STORMS PRODUCED 
11 STORMS PRODUCED 
23.84 IN. OF RAINFALL 
1.48 IN. OF RUNOFF 
VALUES FROM OVERLAND FLOW 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
.08 TONS/ACRE 
3.417 
VALUES FROM CHANNEL ONE 
ANNUAL SOIL LOSS 
ENRICHMENT RATIO 
.17 TONS/ACRE 
2.198 
1 C REA M S NONPOINT SOURCE POLLUTION MODEL 
(EROSION/SEDIMENT YIELD) 
VERSION 1.B/PC MAY 1, 1985 
Clarion Loam, overland channel, 70 ft. buffer strip, simple 
uniform 7% slope continuous corn. Chisel, shallow disk or 
field CUltivation as only tillage operation. 1965-1989 (25 
years) • 
PART. 
TYPE 
1 
2 
3 
4 
5 
TOTAL 
STORM SUMMARY 
2057 STORMS PRODUCED 816.89 IN. OF RAINFALL 
405 STORMS PRODUCED 71.18 IN. OF RUNOFF 
VALUES FROM OVERLAND FLOW 
THE QUANTITY OF ERODED SEDIMENT IN RUNOFF 
FRAC. IN SOIL LOSS CONCENTRATIONS (SOIL/WATER) 
SED. LOAD LBS. BSF/FT**3 LBSF/LBSF 
----- ------- ------ -----
. 54 35789 . .0220 . 0004 
• 21 13976 . .0086 . 0001 
.25 16334. .0100 .0002 
. 00 139. .0001 .0000 
. 00 19. .0000 .0000 
66256. .0407 .0007 
TOTAL SOIL LOSS FOR AREA 5.26 TONS/ACRE 
(AREA = 6.3000 ACRES) 
PPM (WT) 
--------
352 . 
138 . 
161. 
1 • 
O • 
652. 
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DISTRIBUTION OF PRIMARY PARTICLES 
AND ORGANIC MATTER IN THE ERODED SEDIMENT 
TYPE 
CLAY 
SILT 
SAND 
ORGANIC MATTER 
FRACTION 
.630 
.368 
.002 
.095 
INDEX OF SPECIFIC SURFACE 516.47 M**2/G OF TOTAL SEDIMENT 
ENRICHMENT RATIO OF SPECIFIC SURFACE 2.967 
PART. 
TYPE 
1 
2 
3 
4 
5 
TOTAL 
VALUES FROM CHANNEL ONE 
THE QUANTITY OF ERODED SEDIMENT IN RUNOFF 
FRAC. IN SOIL LOSS CONCENTRATIONS (SOIL/WATER) 
SED. LOAD LBS. LBSF/FT**3 LBSF/LBSF 
----- ------- ------ -----
.09 60247. .0370 . 0006 
.06 42517. .0261 . 0004 
. 39 254640 . .1564 . 0025 
. 24 160368 . .0985 • 0016 
. 21 140601 • . 0864 .0014 
658372. .4045 . 0065 
TOTAL SOIL LOSS FOR AREA 52.25 TONS/ACRE 
(AREA = 6.3000 ACRES) 
DISTRIBUTION OF PRIMARY PARTICLES 
AND ORGANIC MATTER IN THE ERODED SEDIMENT 
-----------------------------------------
TYPE 
CLAY 
SILT 
SAND 
ORGANIC MATTER 
FRACTION 
.257 
.373 
.370 
.038 
PPM (WT) 
--------
593 • 
419 . 
2507 . 
1579 . 
1384 . 
6482 . 
INDEX OF SPECIFIC SURFACE 221.30 M**2/G OF TOTAL SEDIMENT 
ENRICHMENT RATIO OF SPECIFIC SURFACE 1.271 
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APPENDIX D. TECHNICAL INFORMATION ON ACCOMPANYING DISKETTE 
System requirements for accompanying diskette: 
The BUFRCALC program will run on IBM-PC computers (and 
100% compatibles) using MS-DOS operating system version 3.0 
or higher. At least 64Kb of RAM memory are required. No 
other specific software or hardware peripherals are 
required. 
The BUFRCALC program calculates expected sediment 
delivery reductions obtained from vegetative buffer strip 
installation. The procedure is initiated by typing 
"BUFRCALC". 
